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THE METHYLGLYCOSIDES OF THE NATURALLY OCCUR- 
RING HEXURONIC ACIDS* 


III. POLYGALACTURONIC ACID-METHYLGLYCOSIDES DERIVED 
FROM PECTIN 


By SAM MORELL, LORENZ BAUR, anp KARL PAUL LINK 


(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, University of Wisconsin, Madison) 


(Received for publication, January 20, 1934) 


The major component of practically all pectic substances is d- 
galacturonic acid. By mild chemical treatments or by the action 
of certain enzymes polyanhydrides of d-galacturonic acid can be 
obtained (1-8). 

In 1929 Ehrlich claimed to have isolated the fundamental galac- 
turonic acid polymer of pectin in three distinct forms (2, 5, 6). 
At present, however, he believes that there are only two, a 4-mem- 
bered ring structure HO, called Pektolsdure, 


O 
and an open chain modification Pek- 
O 


tolactonsdure, derived from the former by the opening of one of 
the saccharide linkages (7). The 4-membered galacturonic acid 
ring system (the Pektolsdure) is considered as the basic nucleus, to 
which all the other components of the pectin molecule are attached. 
The English school of pectin chemists, however, are of the opinion 
that the basic structure of the pectin molecule is a 6-membered 
ring wherein galactose and arabinose are joined to the tetragalac- 
turonic acid (3, 4,9). The available analytical data can be used 
to support either of the two theories. 

Investigations that have been under way in this laboratory 
during the past 4 years have led to the isolation of a group of galac- 
turonic acid polymers from citrus pectin, whose properties and 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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structure cannot be interpreted in terms of either of the current 
theories discussed above. When a polygalacturonide, (CsHs0s),, 
which is readily obtained from the pectin of citrus fruits by mild 
chemical treatments,' is refluxed for 90 hours with absolute methyl 
alcohol containing dry hydrogen chloride, approximately 50 per 
cent goes into solution. Simultaneous alcoholysis and esterifica- 
tion occur, with the formation of a-methyl-d-galacturonide methyl 
ester (10, 11) in good yields. It is significant that the reaction 
does not produce decomposition products comparable to those that 
form in aqueous solutions (12, 13). The portion of the starting 
product that resists solution is extremely stable to further treat- 
ment in the same medium, for only traces of the a-methyl-d-galac- 
turonide ester are obtained when the refluxing is repeated. A 
fractionation of this residue, which is stable toward the action of 
dry HCI-CH;OH, has led us to the conclusion that it consists 
essentially of a polymer of d-galacturonic acid containing approxi- 
mately 8 to 10 molecules in saccharide linkage. This is incompat- 
ible with Ehrlich’s views that all, or even most, of the galac- 
turonic acid of the citrus polygalacturonide exists as a 4-membered 
ring. In the light of our data, it is evident that the structural 
unit of citrus pectin must contain a polymerized galacturonic acid 
anhydride with a minimum size of 8 to 10 units. Since the extent 
of the aleoholysis during the HCI-CH;OH reaction is not known, 
nothing can yet be said concerning the actual size of the polygalac- 
turonide as it exists in the pectin molecule. A reinvestigation of 
what Ehrlich calls Pektolséure, prepared from citrus as well as 
other pectic acids, therefore becomes necessary. 

In contrast to the starting product, the galacturonic acid poly- 
mers that remain insoluble in the HCI-CH;OH medium after the 
prolonged refluxing are quite soluble in water. Snow-white amor- 
phous products are obtained when their aqueous solutions are 
precipitated with ethyl alcohol. Although these products re- 


! This preparation is procurable under the name of “citrus pectic acid”’ 
from the Research Department of the California Fruit Growers Exchange, 
Ontario, California. The galacturonic acid content of various samples has 
never been lower than 92 per cent (average 95 to 98 per cent). In order to 
avoid confusing it with Ehrlich’s “pectic acid’”’ (2, 5, 6), this material should 
be referred to as citrus ‘“‘polygalacturonide.”’ Its properties resemble 
Ehrlich’s Pektolséure very closely. 
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mained undissolved during the prolonged HCI-CH;OH treatment, 
the analytical data presented below make it clear that two im- 
portant heterogeneous reactions must have occurred: namely, 
(a) complete esterification of all the carboxyl groups originally 
present in the starting product (the polygalacturonide (CsHs0s),.), 
and (b) methylation of the carbonyl groups that had been exposed 
by the severing of saccharide linkages. From the evidence pre- 
sented below it is clear that a homogeneous series of esterified 
polygalacturonic acid methylglycosides of the following type 
structure has been obtained. 


H OCH; 
Cc > 
| 
H—C—OH H—C—OH i—C—o8 
oO | 
HO—C—H HO—C—H HO—C—H 
| | | 
HO—-C—-H 
H—C—0-——" H—C—0-— H—C—o——! 
| | | 
\ \ 
OCH; OCH; n OCH; 


A unit containing 8 to 10 galacturonic acid molecules comprises 
the main portion of the resistant residue. This value, which is 
equivalent to n = 6 to 8 in the above formula, was deduced from 
an extensive analysis of the polyester glycoside, its sodium and 
barium salts, and its free acid. The methyl ester groups can be 
quantitatively removed with dilute alkali at 25° ( (5) p. 1977, (14) ), 
whereas the glycosidic methoxyl group (indicated by bold-faced 
type) remains intact. A methoxyl determination, therefore, 
serves as a measure of the ratio between the terminal unit and the 
rest of the molecule. This method is similar to the Jodzahl proce- 
dure of Bergmann and Machemer (15), which has been found ex- 
tremely useful in determining the chain lengths of the dextrins 
obtained from cellulose, starch, and their derivatives. In the 
formulation cited above, a straight chain structure is implied, but 
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it must be emphasized that a branch chain may occur within the 
molecule. Nevertheless, the former is rendered most probable by 
both the recent developments in polysaccharide chemistry (16- 
19), and the relatively high specific viscosity which the poly- 
ester glycoside exhibits.? 

The methoxyl content of the polyacid glycoside, isolated from 
its ester by three independent methods, shows definitely that the 
potential reducing group at one end of the polygalacturonic acid 
chain possesses a methyl group in glycosidic linkage. A constant 
value of 2.18 + 0.06 per cent was found for all of the polyacid gly- 
coside preparations. Dry HClI-CH;O0H does not introduce the 
methoxyl group in true ether linkage, and since all of the polyacid 
derivatives showed negligible reducing power, the presence of a 
glycosidic methoxyl group is reasonably certain. Furthermore, 
Ehrlich has found that all of the methoxyl contained in pectic acid 
can be removed by alkali at room temperature ( (5) p. 1977). Tu- 
tin has also observed the quantitative removal of methyl groups 
from several pectic substances by means of cold alkali (14). 

A physicochemical investigation of the polyester glycoside,* 
(C;HioOs)s-10, has shown that its physical properties are in good 
agreement with the molecular size deduced from the chemical 
analysis. Its specific viscosity is of the order of magnitude re- 
quired by a lower hemicolloid. The molecular weight as deter- 
mined cryoscopically is very close to a polymer containing 8 galac- 
turonic acid units. Aqueous solutions of the polyester glycoside, 
as well as of its sodium salt and free acid, exhibit intense Tyndall 


2 A sample of the polyester glycoside has been submitted to an x-ray analy- 
sis by Professor G. L. Clark of the University of Illinois. He has informed 
us that an interpretation of the x-ray diffraction patterns indicates the 
existence of a long chain molecule. 

3 The close relationship of the plant polyuronides to the specific poly- 
saccharides of certain pathogenic bacteria is very striking. A physico- 
chemical investigation of this group has been undertaken by Heidelberger 
and Kendall (20). Many of the unique properties that these authors ob- 
served were traced to the magnitude of the charge on the anion due to the 
accumulation of (COO)~ groups within the large molecules. We have been 
able to avoid the complicated physical behavior due to ionization by using 
the stable methyl ester. Thus, for example, no anomalous viscosity was 
observed as was the case in Heidelberger and Kendall’s study of the sodium 
salt of the specific polysaccharide of Type III pneumococcus. 
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effects. The kinetics of hydrolysis by acids has also been studied,‘ 
and indicates that the inner oxygen rings are of the stable pyranoid 
type (21). 

EXPERIMENTAL 


All preparations used for analysis were dried over P2,O; in an 
Abderhalden dryer at 100° and 5 mm. pressure. The half micro- 
method described by Clark (22) was employed for the methoxyl 
determinations and the values reported refer to duplicate samples. 
Goebel’s modification (23) of the Willstiatter-Schudel aldose deter- 
mination (24) was used for the iodine titrations. The uronic acid 
content was determined by the micromethod developed in this 
laboratory (25). Since the observed analytical constants for the 
different derivatives varied between 8 and 10 galacturonic acid 
units, the theoretical values cited with each derivative are always 
referred to a definite chain length selected within these limits. In 
order to facilitate a comparison, Table I is given to illustrate the 
theoretical methoxyl and ash constants required by these chain 
lengths as well as by Ehrlich’s Pektolsdure and Pektolaktonsdure. 
The values actually found, as cited later with each derivative, are 
also included. 


Citrus Polygalacturonide, (CH Os), 


The commercial method used to obtain this material! from citrus 
pectin has been described (26). It was purified by extraction with 
70 per cent alcohol as described by Morell and Link (11). The 
purified polygalacturonide contained 1.37 per cent OCHs, 1.63 per 
cent ash, 96 per cent uronic acid anhydride, and had a specific 
rotation of [a]? = +270° in 0.1 N NaOH, where c = 1.5. 1 gm. 
consumed 6.20 ce. of 0.1 N I, solution. 


Methylglycosides of Polygalacturonic Methyl Ester, (C;H 006)» 


The purified citrus polygalacturonide was refluxed with HCl- 
CH,;0H as described previously (11). The portion which resisted 
solution was washed with absolute methyl alcohol, dried, ground, 


* A simple method for obtaining d-galacturonic acid in large quantity 
has been made possible from the information gained by studying the hy- 
drolysis of the polyester glycoside. This is described in the following 
communication. 
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and passed through an 80 mesh sieve. The yield was 55 per cent. 
This crude product had a methoxyl content of 17.5 per cent and 
represented a series of mixed polymers with varying molecular 
sizes and different solubilities. About 90 per cent was soluble in 
water and by fractional precipitation it was found that the bulk 
of this material consisted of one homogeneous fraction. The 
problem of separating this series into individual crystalline units is 
comparable to the difficulty of isolating a single high molecular 
weight hexosan from cellulose or starch (16, 27, 28). Thus far all 
attempts at crystallization have been unsuccessful. The only 
solvents that could be employed for the alcohol-insoluble fractions 
were water and formamide. Although many combinations with 
other solvents were tried, the substances always separated as 
pseudocrystalline scales. The melting points were never definite; 
between 200-250° the preparations carbonize. 

75 gm. of the crude residue were dissolved in water. This solu- 
tion was clarified, filtered, and then concentrated under reduced 
pressure at 40° until it became turbid. Upon standing overnight 
at 4° a white precipitate settled. It was collected at the centrifuge 
and dried; yield Fraction F; = 19 gm. The filtrate from Fraction 
F, was again concentrated and treated as above; yield Fraction 
F, = 11 gm. The filtrate from Fraction F, was poured into 5 
volumes of 95 per cent alcohol, whereupon a third fraction, F; = 
13 gm., was obtained. The alcoholic filtrate was concentrated to 
a syrup and poured into 5 volumes of absolute ethyl alcohol. A 
small fraction, F, = 1.7 gm., separated. Further concentration and 
pouring into absolute alcohol produced no precipitation. Fraction 
F, was soluble in absolute methyl alcohol, from which it could be 
precipitated by the addition of absolute ethyl alcohol. Analysis 
showed that the first three fractions were practically identical; 
methoxyl, 18.3 + 0.5 per cent; rotation [a]? = +195° in water; 
iodine consumption, 2.0 cc. of 0.1 N I, per gm. Their solubilities 
were identical and the apparent fractionation was due only to con- 
centration differences formed during the above procedure. In 
preparing this homogeneous fraction therefore a direct precipita- 
tion with ethyl alcohol was used as described below. 


Methylglycoside of Polygalacturonic Methyl Ester, (C;H,0Os)s-10 


100 gm. of the crude residue were dissolved in water and the 
solution concentrated at 40° until it became turbid. It was then 
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poured into 5 volumes of 95 per cent alcohol, whereupon the poly- 
ester glycoside separated as a snow-white precipitate. After 
standing overnight at 4°, it was removed by centrifuging, washed 
with alcohol, and dried at 80° under 15 mm. pressure. The yield 
was 75 gm. The following analytical values were observed. 


Ultimate Analysis 
Theory for = CoH Oss 
Demands. C 44.07, H 5.43 
Found.  “ 44.00, 43.95, “ 5.23, 5.20 


Methoxyl Content—The average of fifteen preparations was 18.0 
+ 1.0 per cent. Theory for 8 galacturonic acid units requires 
18.0 per cent. ’ 

Uronic Acid Anhydride—22.5 per cent CO, was liberated by 
boiling with 12 per cent HCl. Theory requires 22.68 per cent for 
8 units. 

Rotation—|a|® = +198° + 5° where c = 1 to 1.5 per cent in 
water. 

Saponification Equivalent—An excess of 0.1 N NaOH was added 
to a 2 per cent solution at room temperature and, after standing 
for 30 minutes, back titrated to a phenolphthalein end-point with 
0.1N HCl. 1 gm. consumed 48.6 cc., whereas theory requires 51.5 
ec. for 8 units. 

Reducing Power toward Hypoiodite—1 gm. consumed 2.4 cc. of 
0.1 N I, solution. This is practically negligible, since 1 gm. of a 
pure specimen of a-methyl-d-galacturonide consumed 2.16 cc., 
whereas 1 gm. of d-galacturonic acid required 103.0 cc. 


Methylglycoside of Sodium Polygalacturonate, 


10 gm. of the polyester were dissolved in 75 ce. of water and 50.0 
ec. of N NaOH were added slowly. After standing for 30 minutes 
the solution was poured into 4 volumes of 95 per cent alcohol 
whereupon the sodium salt separated as a white precipitate. The 
solution was cooled and centrifuged. The excess alkali was washed 
out by stirring and recentrifuging three times with 95 per cent 
alcohol. The salt was dried at 40° under 15 mm. pressure. The 
yield from ten preparations varied between 85 and 95 per cent of 
theory. The following analytical constants were observed. 

Methoxyl—1.40 + 0.05 per cent. Theory requires 1.54 per cent 
for 10 galacturonic acid units. 


1 
r 
1 
3 
) 
) 
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Rotation—{a]> = +184.6° in a 1.2 per cent water solution. 

Sodium Content—11.39 per cent; theory requires 11.43 per cent 
for 10 units. 

Hypoiodite Titration—1 gm. consumed 2.5 ce. of 0.1 N I; solution. 


TABLE | 


Methoxyl and Ash Contents Required by Methylpolygalacturonides of Varying 
Molecular Size 


Polyester | Polysodium Polybarium | Polyacid 


No. of units glycoside | salt glycoside | salt glycoside | glycoside 

OCH: | Na |OCH: | 

8 18.00 | 1.92 | 11.39) 1.56 | 27.71) 2.15 

9 17.82 | 1.71 | 11.41) 1.37 | 27.80) 1.92 

10 17.67 | 1.54 | 11.43) 1.25 | 27.85) 1.73 

Ehrlich’s Pektolsdure.......... 16.34 | 0.00 | 11.36) 0.00 | 27.67) 0.00 
” Pektolaktonsdure....| 19.60 | 3.76 | 11.16) 3.08 | 27.27) 4.22 
rere 18.00 | 1.40 | 11.39) 1.30 | 26.8 | 2.18 


Methylglycoside of Barium Polygalacturonate, 


10 gm. of the polyester glycoside were dissolved in 25 ec. of 
water and 225 cc. of 0.2 N Ba(OH).s were added slowly, whereupon 
the barium salt separated at once. After 2 hours, it was removed 
at the centrifuge, washed with CO,-free water until free of excess 
alkali, and finally dried in a vacuum desiccator over CaCl. The 
yield was 11 gm. The analytical constants observed were the 
following. 

Methoxyl Content—1.30 + 0.1 per cent; theory requires 1.38 per 
cent for 9 galacturonic acid units. 

Barium Content—26.8 per cent when ashed to the sulfate. For 
9 units theory requires 27.8 per cent. ; 


Methylglycoside of Polygalacturonic Acid, 


Preparation from Methyl Ester—10 gm. of the polyester were 
dissolved in 25 ec. of water to which 50 cc. of N NaOH were added. 
After standing for 30 minutes, the solution was brought to a pH 
of 1.0 with n HCl, and after another 30 minutes poured into an 
equal volume of 95 per cent alcohol, whereupon the free acid sepa- 
rated as a fine white precipitate which was contaminated with some 
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sodium chloride. It was removed at the centrifuge and washed 
free of the salt by stirring and recentrifuging with cold 50 per cent 
ethyl alcohol. It was then dried in a vacuum oven at 80°. The 
ash content was about 1.0 per cent, but by reprecipitation this was 
reduced to less than 0.01 per cent. The yield was 5.7 gm. of the 
purified polyacid. 

Preparation from Barium Salt—10 gm. of the barium salt were 
suspended in 40 cc. of water to which 35 ec. of N H,SO, were added. 
The solution was shaken for 24 hours. he inorganic barium and 
the undecomposed barium salt were removed at the pump and the 
filtrate poured into an equal volume of 95 per cent alcohol, where- 
upon the free acid separated as a flocculent precipitate. It was 
washed free of sulfuric acid with 50 per cent alcohol, and dried. 
The yield was 2.7 gm. of an ash-free product. 


II 
Methylglycoside of Polygalacturonic Acid 
Source OCH; 
per cent degrees 


Preparation from Sodium Salt—10 gm. of the polyglycoside 
sodium salt were converted to the free acid by essentially the 
procedure described above for the polyester. The yield was 3.75 
gm. of an ash-free polyacid. 

Analysis—A sample of the acid obtained from the sodium salt 
had the following elementary composition. 


Theory for (C,H ,0;)- = CysH 
Demands. C 40.85, H 4.7: 
Found. ** 40.56, 40.62, ae 4.96 


In Table II the methoxyl and rotation values are given for the 
polyacids prepared by the above methods. For a chain of 8 galac- 
turonic acid units, the theoretical methoxyl content is 2.16 per 
cent. The figures cited below refer to “constant” values; ‘.e., 
retreatment with alkali and acid on duplicate samples until two 


10 Methylglycosides of Hexuronie Acids. IIT 


successive preparations agreed within 0.1 per cent OCH;. The 
{a], values refer to 1 to 1.5 per cent water solutions. Each of the 
three preparations consumed only 1.80 ce. of 0.1 N I, per gm. 
Since the original citrus polygalacturonide was not free of 
methoxyl, it was necessary to study its behavior when carried 
through the alkali-acid procedure for making the free polyacid 
from its ester. 2.5 gm. of the alcohol-extracted polygalacturonide, 
containing 1.37 per cent methoxyl were suspended in 20 cc. of 
water at room temperature. 15 cc. of N NaOH were added and 
the procedure for preparing polygalacturonic acid-methylglyco- 


III 
Specific Viscosity of Polyester Glycoside at 25° 


e Solution in pyk- | ‘Time of flow w wale 
gm. per 100 cc. gm. sec. 
0.0 (water) 68.200 198 .039 
198.044 
1.000 68.462 211.656 
211.668 1.0729 0.073 
0.501 68.325 204. 690 
204.674 1.0364 0.073 
0.119 68.223 199.603 
199. 1.0083 0.070 


side from its ester was duplicated in every detail. The methoxyl 
content fell to 0.62 per cent, and by repeating the procedure it fell 
to 0.39 per cent where it remained constant. 


_ Physicochemical Properties of Methylglycoside of Polygalacturonic 
Methyl Ester, (C7H 00s) 


Specific Viscosity,—A modified Ostwald viscometer was used 
and the times of flow were recorded by means of a Gaertner chron- 
ograph activated by a photoelectric device. The principle of this 


5 This study was conducted at the Physical Chemistry laboratory of the 
University of Wisconsin in cooperation with Mr. H. D. Tyner, whom we 
wish to thank for devoting his time to the problem. We also wish to thank 
Professor J. W. Williams for the facilities of his laboratory and many 
helpful suggestions. 

® The details of this apparatus will be described in a forthcoming publica- 
tion by J. W. Williams and H. D. Tyner. 
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method has been described by Jones and Talley (29). An accu- 
racy to within 0.02 second is easily obtained. The relative vis- 
cosity », was determined in aqueous solutions at three different 
concentrations. The specific viscosity, or increase in relative 
viscosity, is equal to »,—1. The data are summarized in Table 
ITT. 

Staudinger has shown that deviations from Einstein’s equation, , 
— 1 = 2.5¢ = 2.5 cuwhere ¢ is thefraction of the volume occupied by 
the dispersed spheres and » is the partial specific volume at concen- 
tration c, can be caused by long chain molecules whose effective vol- 
ume in solution, ¢, becomes greater than their true specific volume, 
cv. With this equation, ¢ was calculated from the specific viscosities 
obtained above, and cv was calculated from the densities of the 
solutions. The ratio ¢:cv was found to be 4.7. In an ideal solu- 
tion this ratio should be unity, and the specific viscosity independ- 
ent of molecular weight. Thus Staudinger has pointed out ((18) 
p. 57) that in a 1 per cent solution of either the mono- or disac- 
charides, a specific viscosity of 0.028 is obtained. The value of 
0.073 obtained above, which is constant over the concentration 
range studied, is therefore consistent with the probable existence 
of a relatively long chain of galacturonic acid units exhibiting 
hemicolloidal properties (19, 30). 

Molecular Weight by Cryoscopic Method—Highly purified prep- 
arations (ash content less than 0.001 per cent) gave the mean 
value of 1348 + 200. Theory requires for a chain of 8 galacturonic 
acid units 1552. 

Kinetics of Hydrolysis in n HCl—The procedure already de- 
scribed for a-methyl-d-galacturonide (21) was used for the poly- 
ester. The increase in reducing power measures the rate at which 
the saccharide linkages are opened and is independent of the hy- 
drolysis of the methyl ester groups. The polyester hydrolysis, 
however, was about 10 times slower than that of the methylgalac- 
turonide and higher temperatures were therefore required to take 
complete readings in 2 days. The hydrolysis was measured at 
100°, 95°, and 85°. A significant upward lag in the constants was 
noted at the higher temperatures. At 85°, however, the compli- 
cating side reactions which produce this lag, and which are appar- 
ently associated with the formation of reducing groups, do not set 
in, and a constant value of k = 8.86 X 10-* minutes~' was ob- 
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tained by using the monomolecular reaction equation. A critical 
increment of 30,500 calories for this hydrolysis was obtained from 
the slope of log k (arithmetical average) plotted against 1/7’, the 
three points falling on a straight line. This value is practically 
identical with that obtained for a-methyl-d-galacturonide which is 
29,000 calories (21). 


SUMMARY 


1. A group of polygalacturonic acids of varying molecular sizes 
and solubilities has been isolated from citrus pectin by means of 
absolute methyl alcohol containing dry hydrogen chloride. The 
terminal units of these polymers contain methoxyl groups in 
glycosidic linkage. 

2. A homogeneous fraction containing approximately 8 to 10 
galacturonic acid units comprises t':e main portion of the mixture. 
The preparation of the methyl ester, the sodium and barium salts, 
and the free acid of this polygalacturonic acid-methylglycoside is 
described. 

3. The physical properties of these derivatives have been studied 
and are in good agreement with the molecular size deduced from 
chemical analysis. 

4. The bearing of this investigation on current theories concern- 
ing the structure of the pectic substances is discussed. 
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NOTE ON THE PREPARATION OF d-GALACTURONIC 
ACID IN LARGE QUANTITY* 


By SAM MORELL, LORENZ BAUR, anp KARL PAUL LINK 


(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, University of Wisconsin, Madison) 


(Received for publication, January 20, 1934) 


Pectic substances have frequently been used as a convenient 
source of d-galacturonic acid (1-4). A large fraction of the uronic 
acid liberated during an acid hydrolysis suffers degradation to 
furanoid bodies (5-7). In addition to decreasing the yield, these 
side reactions make it difficult to purify and isolate the galacturonic 
acid. A water-soluble polygalacturonide has been isolated from 
citrus pectic acid which can be degraded readily under extremely 
mild conditions (8, 9). A knowledge of the kinetics of the hy- 
drolysis of this polygalacturonide (9) has made it possible to 
develop a simple and rapid procedure for the preparation of d- 
galacturonic acid in 100 gm. lots. This procedure surpasses all 
methods published to date. Since this hexuronic acid has recently 
been used as the starting point in the synthesis of ascorbic acid 
(vitamin C) (10, 11) and is in great demand, we consider it worthy 
to describe a simple method for obtaining it in large quantities. 


EXPERIMENTAL 


500 gm. of the crude residue obtained after treating a commer- 
cially available citrus pectic acid' with CH;OH containing dry HCl 
for 90 hours (8, 9) are introduced slowly into 2 liters of water at 
70° with vigorous stirring. After cooling to about 40°, 515 ce. of 
Nn H.SO, are added and the solution transferred to a 5 liter round 
bottom flask equipped with a condenser. The flask is heated on a 
steam bath for 40 hours s* a temperature of 90-93° (internal). 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

1 Procurable under the name of citrus pectic acid from the Research 
Department of the California Fruit Growers Exchange, Ontario, California. 
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16 Preparation of d-Galacturonic Acid 


The hydrolyzed solution is cooled to about 45°. 500 gm. of neu- 
tral lead carbonate are then added to the dark solution. After 
foaming has subsided somewhat, the solution is agitated violently 
fora half hour, heated to 45°, and placed in the ice chest overnight. 
The precipitated PbSO, and excess PbCO; are filtered away, and 
the resulting dark red solution treated with hydrogen sulfide. 
About 5 gm. of activated charcoal are added to the yellow filtrate. 
A stream of CO, gas is bubbled through the solution, which is then 
filtered and concentrated under diminished pressure at 45° to 
about 1 liter. It is then poured into 6 liters of absolute ethyl 
alcohol, whereupon a white precipitate separates. After standing 
in the ice chest for several hours, the solution is filtered and con- 
centrated to a syrup at 45°. The crystallization is allowed to pro- 
ceed under a slight vacuum in a desiccator. The d-galacturonic 
acid monohydrate (CsHiwO;-H2O) crystallizes out slowly. In 
about 2 days the crystallization is usually complete. The product 
is collected on a Buchner funnel, washed with absolute alcohol, and 
dried at room temperature under diminished pressure. The yield of 
several trials varied between 100 and 115 gm. The preparation 
obtained is usually analytically pure. It should sinter at 110- 
115° and melt at 159-160°, [a]® = +54.0° (final) calculated for 
the anhydrous form. If necessary, it is recrystallized from 90 per 
cent ethyl alcohol. From the filtrate another 35 gm. can be ob- 
tained readily by repeating the procedure from the stage where 
the lead carbonate is added. 
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THE RELATION OF REDUCING VALUE AND EXTENT OF 
BROWNING TO THE VITAMIN C CONTENT 
OF ORANGE JUICE EXPOSED TO AIR 


By M. A. JOSLYN, G. L. MARSH, ann AGNES FAY MORGAN 


(From the Fruit Products Laboratory and the Laboratory of Household 
Science, University of California, Berkeley) 


(Received for publication, December 28, 1933) 


Orange juice exposed to atmospheric oxygen will gradually 
decrease in its reducing value towards iodine and also towards 
2 ,6-dichlorophenolindophenol (1, 2). If the exposure is continued, 
browning occurs and increases in intensity. The following studies 
were undertaken to determine whether any change in vitamin C 
was involved in the browning of orange juice. All the samples of 
browned orange juice or concentrate that we have examined were 
either very low in iodine-reducing value or had a negligible titra- 
tion. However, treatment of orange juice with oxygen or decolor- 
ization with bone char resulted in loss of reducing value without 
any noticeable browning. The oxygen-treated juice browned even 
under an atmosphere of carbon dioxide. 

It is known that dried fruits unprotected from oxidation during 
drying and storage lack vitamin C and become brown. The 
amount of SO, necessary to prevent loss of vitamin C is about the 
same as that necessary to prevent browning (3, 4). This may 
mean merely that deterioration of color and loss of vitamin C are 
both due to oxidation. 

The evolution of CO, from sterile orange juice during browning 
(5) may be due to the decomposition of hexuronic acid and the 
fact that Hirst and Zilva (6) recently reported the production of a 
brown amorphous material from oxidized ascorbic acid lends some 
support to the possibility of vitamin C being involved in browning. 

A secondary object of this study was to compare the iodine 
titration with the indophenol titration as an indication of the 
changes in vitamin C content of orange juice during oxidative 
deterioration over a long period. 
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18 Vitamin C Content of Orange Juice 


EXPERIMENTAL 


Preparation and Storage of Samples—In our tests two lots of 
navel orange juice and one lot of Valencia orange juice were pre- 
pared. Frozen Valencia orange juice, of sp. gr. 1.0559 and an 
acidity as citric acid of 1.18 per cent, held at —17° for 6 months, 
was thawed, mixed with diatomaceous earth, and filtered bril- 
liantly clear by suction. Sodium benzoate (0.2 per cent) was 
added to the clear juice to preserve it during storage at room tem- 
perature. About 12 liters of the juice were stored in a cotton- 
plugged 19 liter glass carboy. This lot constituted Series V. The 
navel orange juice was freshly extracted, one lot, Series N, of 
specific gravity 1.0487 and an acidity of 0.692, being filtered and 
stored as above; and another lot, Series N-A, of specific gravity 
1.0582 and acidity of 0.86 per cent, being merely strained through 
cheese-cloth and not filtered. During storage hesperidin precipi- 
tated out of the filtered navel orange juice, but not the strained. 
During the 1st week the juices were aerated for about half an hour 
on two occasions and they were stirred as samples were withdrawn 
for titration or for storage. 

Immediately after preparation, thirty-six portions of the juice 
containing 75 cc. each were withdrawn and stored in 120 cc. glass 
jars at —17°. No precautions were taken to avoid oxidation of 
the juice in storage as it was reported (7, 8) that vitamin C po- 
tency of freshly extracted juice was well retained during storage 
at —17° even though air was present over and in the juice. At 
the intervals shown in Fig. 1 further lots of juice were withdrawn 
and stored at —17° for subsequent vitamin C assay. Sample 6, 
Series V, and Sample 5, Series N-A, not shown in the graph, were 
withdrawn after 64 and 53 days and had an iodine titration of 2.5 
and 3.5 respectively. Although the vitamin C potency of frozen, 
fresh orange juice exposed to air may not decrease appreciably 
over a storage period of several months, it was found that in partly 
oxidized juice a noticeable decrease in iodine-reducing value did 
occur. 

During storage at room temperature the decrease in iodine- 
reducing value was followed by titration of 50 cc. of the juice with 
0.01 N iodine solution, starch being used as indicator. The end- 
point chosen was that when the starch-iodide color persisted for 15 
to 30 seconds; this was sharp in freshly filtered juice but not in 
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the cloudy juice. However, as the juice browned the end-point 
was indefinite and reproducible to but +0.5 ce. Filtration of the 
juice noticeably reduced its iodine-reducing value. Thus, on 
navel orange juice the titration was reduced from 38.0 to 30.0 and 
on Valencia juice from 32.9 to 25.7. 
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Fig. 1. Rate of reduction in iodine-reducing value in orange juice exposed 
toair. The letter and figure notations on the curves with the exception 
of the curve numbers represent the series and sample number, respec- 
tively. V-1, V-2, V-3, V-4, V-5 represent Samples 1 to 5 of Series V (Val- 
encia orange juice); N-1, N-2, N-3, Samples 1 to 3 of Series N (navel orange 
juice); and N-1A, N-2A, N-3A, N-4A, Samples 1 to 4 of Series N-A (strained 
navel orange juice). 


The rate of oxidation of the reducing matter by air as shown in 
Fig. 1 is more rapid in the filtered navel orange juice than in the 
Valencia juice, but is somewhat slower for cloudy navel orange 
juice. Filtration may remove some protective substance from the 
juice. Both the filtered and cloudy navel orange juice had a higher 
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initial reducing value than did the Valencia juice. This is typical 
of the juices of samples of the two varieties of fruit that we have 
examined. ‘The rate of oxidation, of course, depends on the actual 
concentration of oxygen in the juice. 

In the Valencia orange juice, browning began to occur when its 
iodine-reducing value had decreased from 26.0 to 12.9 and the 
juice was markedly brown 1 week later. Browning started in 
Series N-A when the iodine value was reduced from 38.5 to 20 and 
the juice was fairly brown 7 days later. Only the last sample of 
Series N was noticeably brown. 

In addition to these three lots the following were prepared: a 
lot of filtered Valencia orange juice decolorized with bone char, 
Series V-X; and a lot of 10 year-old black (7:1) concentrate diluted 
with an equal volume of water, Series V-Y. Both of these prep- 
arations had 0 iodine titration. 

Biological Tests\—The basal diet used was a modification of that 
suggested by Sherman, La Mer, and Campbell (9). 

A test period of 60 days was used for these tests. All fruit juice 
doses were fed daily by pipette so that no doubt could arise as to 
ingestion of the full amounts prescribed. The data from the 
animal assays from the various juices are completely summarized 
in Table I. 

Examination of Samples—After storage at —17° for 140 days 
after withdrawal of the first sample, samples of the various lots of 
juice were analyzed with the results shown in Table II. The iodine 
titration was carried out in the presence of 1 cc. of concentrated 
HCl. This partly bleached the brown color, especially near the 
end-point, so that this was more readily determinable and was 
sharper. This reduced the iodine value by 1 ce. but variations in 
amount of acid added from 0.5 to 1.5 had no noticeable effect on 
the volume of iodine reduced. 

It is remarkable that, even after allowing for the decrease in 
iodine value by addition of acid, there is a marked decrease in the 
titration from the initial values shown in Fig. 1. This is slightly 
more pronounced in the clear than in the cloudy juice and rela- 
tively greater for the partially oxidized than for the freshly packed 
juices. Apparently some oxidation of the iodine-reducing constit- 

' We are indebted to Gwendolyn Jones and Marjorie C. Brown for the 
care of the animals and the administration of the doses. 


TABLE 


Antiscorbutic Value by Biological Test of Orange Juices Exposed to Varying 


Amounts of Oxidation 


Average body Inter- 
weights national 
Series units of 
vitamin 
Initial | Final C per ce 
gm. gm. days 
4 311 432 2.0| 60 
1 319 386 1.1] 60 10.0 
4 335 | 379 0.7 | 60 6.6 
3 334 | 279 | —0.9| 60 
4 317 | 318 | +0 60 3.3 
4 315 | 214 | -1.9] 53 1.5 
2 333 245 | —2.1} 42 
1 349 | 436 1.4| 60 
4 320 239 | —2.4]| 34 
2 326 212 —3.3 34 
+ 312 206 | —3.3 | 32 
2 327 195 | —4.2] 31 
N 4 353 | 482 2.1] 60 10.0 
1 320 | 411 1.5] 60 
4 337 | 358 0.3 | 60 6.6 
1 334 | 395 1.0} 60 
3 4 356 | 346 | —0.1] 60 3.3 
N-A 1 3 323 446 2.0} 60 10.0 
2 3 322 448 1.9] 60 10.0 
4 4 305 368 1.0} 60 5.0 
5 4 320 207 | -—3.8] 30 
2 317 184 | —4.7]| 28 
V-X 2 337 | 212 | —3.9] 32 1.5 
2 323 181 | —3.6] 39 6 
2 314 | 437 2.0} 60 0 
V-Y 2 325 197 | —4.0] 32 16 
L-J* . 5 321 381 1.0] 60 2 10.0 
2.0 5 332 554 3.5) 60 0 
O-J* 1.0 13 366 423 0.9} 60 5 10.0 
2.0 12 350 486 2.2} 60 0 
3.0 16 342 499 2.6) 60 0 
F-V* 1.5 3 319 464 2.4] 60 2 10.0 
2.0 8 328 451 2.0; 60 2 
3.0 326 466 2.3 | 60 0 
F-N* 1.0 315 319 0 60 6 10.0 
2.0 332 435 1.7} 60 0 
3.0 319 487 2.8] 60 0 
Control 329 | 227 | -—3.6| 29 


* Series L-J represents freshly extracted lemon juice; Series O-J, freshly 
extracted orange juice; Series F'-V, frozen Valencia orange juice, two other 


samples; Series I’-N, frozen navel orange juice, two other samples. 
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uents had occurred. Analyses 2 months later showed but rela- 
tively little decrease in iodine value, an equilibrium in most cases 
having been reached. Nelson and Mottern (7) report that the 
average values of the Tillmans (10) indophenol titer in orange juice 


Taste II 
Analyses of Orange Juice after Freezing Storage 


Analyzed after 140 days Analyzed after 221 days 
Ne. Iodine | Indo- Iodine | Indo- | = 
No. phenol No. phenol phenol 
titer® | Yellow, Red | Brown her titer 
V 1 19.5 | 38.3 25 1.8 20.8 | 25.5t 3.3 
2 13.5 | 21.2 25 3.8 13.5 | 15.6 6.7 
3 6.1 9.1 25 9.1 6.5 6.0 11.5 
4 1.9 3.9 25 | 17.0 (22.5)t 
5 1.5 3.0 38.0} 70 1.5] 2.1 27.0 
6 0.8 0.8 30.0 | 70 0.9 1.0 39.0 
N 1 23.5 | 43.1 10 0.9 21.5 7.0 3.2 
2 19.0 | 34.7 15 1.8 16.8 4.7 4.8 
3 6.35 | 11.5 20 9.5 4.7 2.5 16.0 
N-A 1 34.1 | 54.6 25 1.8 34.0 9.8 2.2 
2 | 25.3 | 44.6 25 1.8 22.8 | 5.4 3.3 
3 12.9 | 24.8 25 7.0 12.6 2.7 6.2 
4 7.3 | 12.3 25 | 13.5 6.5 2.3 12.0 
5 1.2 0.9 25 | 17.0 1.2 1.0 27.0 
V-X 0.3 0.05 1 0.1 
V-Y§ 0.0 40 7.0 
Vii 3 5 | 1.1 
4 5 1.3 
5 15 2.8 
6 20 3.0 
* Impure indophenol approximately 0.0005 M; titration against 10 cc. of 
juice. 
+ La Motte indophenol, 0.001 M; titration against 5 cc. of juice. 
t Estimated. 


§ Diluted 1: 100. 
|| Diluted 10: 100. 


frozen with head space of nitrogen, oxygen, and air after storage 
for 1 year at —17° were 7.1, 6.7, and 6.6 cc. of approximately 0.01 
N 2,6-dichlorophenolindophenol per 10 ce. of juice. Apparently a 
slight amount of oxidation had occurred. 


| 
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Our indophenol titrations were made first with 2,6-dichloro- 
phenolindophenol’ prepared according to the methods given by 
Tillmans et al. (10). We experienced difficulty in preparing a pure 
quinonechloroimide and the final product after washing with half- 
saturated salt solution still contained about 30 to 50 per cent in- 
soluble matter. A solution of this preparation in M/15 phosphate 
buffer at pH 7.0 was used to titrate 10 cc. portions of neutralized 
orange juice in tests made on August 14, 1933. Preliminary in- 
vestigations indicated that the volume of the dye solution reduced 
by the juice varied with the speed of titration, being markedly 
lower when the dye was slowly added to the juice or solutions of 
ferrous or titanium sulfate. Tillmans et al. (10) had reported that 
the titer was practically the same in air, in an atmosphere of No, in 
acid juice, and in juice brought to pH 7.0. However, for our in- 
dophenol preparation this was not the case. The rate of titration 
was the most important variable. Similar results were obtained 
with indophenol prepared and purified according to the method of 
Clark (11). Recently Harris and Ray (12) specified the necessity 
for rapid titration with the dye solution. We found that the dye 
solution was reduced slowly at first and then more rapidly by the 
Valencia juice, but rapidly from the first by the navel orange juice. 
A preparation of indophenol purchased on the market gave us the 
same marked variation in titer with rate of titration. The end- 
point in the titration was more difficult to gage in the oxidized and 
browned samples than in the freshly packed juice. The values 
given in the fourth column of Table II show the relative difference 
between the various lots of juice. 

The indophenol titration made after 221 days showed a surpris- 
ing and unaccountably low titration value for navel orange juice. 
It is given here merely for the purpose of comparison. 

The color of the juice was determined in a Lovibond tintometer 
with red slides No. 200, yellow slides No. 210, and maple sirup 
slides No. 52. The latter were adapted from the standardized 
caramel-glycerol solutions of Balch (13). It is noticed that al- 
though the yellow shades remained fairly constant during brown- 
ing, there was a very marked increase in the reds. The browned 
juices were pink to red when examined visually in the tintometer 
tube. The increase in the reds paralleled the decrease in the 
iodine titer. 


| 
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Since Harris and Ray had recently reported that the indophenol 
titer was more specific for ascorbic acid in plant products when the 
titration was made in acid solution, we repeated the indophenol 
titer using their technique with slight variations. The juices 
were adjusted to pH 2.5 with HCl instead of trichloroacetic acid. 
In preliminary tests we found that varying the pH of the juice 
from 3.9 to 0 had but little effect on the dye titer in freshly pre- 
pared juice. However, titration of the dye with the juice resulted 
in a sharper end-point and more readily duplicable results in all 
cases except the markedly browned samples where the fading of 
the red color of the dye was masked by the reddish tinge of the 
juice. The rate of titration had appreciable but not as marked an 
effect as in the Tillmans titer. The volume of juice brought to 
pH 2.5 by addition of 0.3 ce. of concentrated HCl per 50 cc. of 
juice testing pH 3.9 to 4.0 necessary to reduce 5 ec. of an unbuf- 
fered water solution of 2,6-dichlorophenolindophenol (purchased 
from La Motte) is shown in the tenth column of Table II. The 
results of duplicate determinations agreed very closely except for 
Samples 5 and 6, Series V, and Sample 5, Series N-A, where, be- 
cause of interference of the color of the sample, the results are 
accurate only to +1.0 ee. 

It was found that the indophenol reagent was reoxidized on 
standing in the juice so that the titrated samples became intensely 
blue in color. Preliminary titrations of unneutralized orange juice 
with buffered dye reagent gave sharper end-points than the un- 
buffered indicator of Harris and Ray. 


DISCUSSION 


It was pointed out by Szent-Gyérgyi (14) that iodine reduction 
is not necessarily specific for hexuronic acid as other iodine-reduc- 
ing substances are also present. Mottern et al. (2) reject the 
iodine titration because of a residual titration in completely air- 
oxidized orange juice and for other reasons. Harris and Ray (12) 
have recently shown that iodine titration in fresh orange juice 
measures an appreciable amount of material in addition to hex- 
uronic acid. Indophenol was introduced as a convenient and a 
more specific oxidant by Zilva (15) and the 2,6-dichlorophenol- 
indophenol by Tillmans (10), and the latter dye was largely used 
by subsequent investigators. However, the oxidation-reduction 
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potential of 2 ,6-dichlorophenolindophenol at pH 7.0 is 0.217, and 
increases to 0.335, at pH 5 as compared with 0.535, for iodine (16). 
Harris and Ray (12) reported that Tillmans’ method was but little 
less specific than the iodine reduction and broke down when tested 
by titration values given by aerated orange juice. They recom- 
mend titration with an unbuffered dye solution in acid solutions 
at pH 2.5. Since the oxidation-reduction potential of indophenol 
increases with decrease of pH, it is difficult to see how decreasing 
the pH of foods makes the titration more specific for vitamin C un- 


TaBLe III 
Relation of Calculated to Actual Vitamin C Content 
Relative 
Series | Sample | Unite of vite- | iodine ‘Now. |,0dine Nos. | value | Relative red 
min C per ce. | original titer storage at —17° (Harris titer) 
V 1 10.0 10.0 10.0 10.0 10.0 
2 6.6 7.7 6.9 4.9 4.7 
3 3.3 5.0 3.1 2.9 2.0 
4 1.5 3.3 1.0 1.4 1.1 
5 1.7 0.6 1.2 
6 1.0 0.04 0.8 
N 1 10.0 10.0 10.0 10.0 10.0 
2 8.3 8.1 7.8 6.7 5.0 
3 3.7 2.7 2.2 2.0 0.9 
N-A 1 10.0 10.0 10.0 10.0 10.0 
2 10.0 8.2 7.4 6.7 10.0 
3 5.2 3.8 3.5 2.6 
4 5.0 3.5 2.1 1.8 1.3 
5 0.9 0.35 0.8 1.0 


less this selectively affects the reducing potential of the substances 
present in solution (cf. (17)). 

A comparison between the units of vitamin C actually found and 
the relative units calculated from the iodine and Harris indophenol 
titration values is shown in Table IIl. The relative values were 
calculated by setting the iodine value of the first sample in each 
series equal to 10. In view of the decrease in iodine-reducing value 
after 140 days storage at— 17°, as shown in titrations made at that 
time, and from the fact that the feeding tests were concluded at 
about that time, the relative iodine values are shown for the 
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original and the latter titrations. The agreement between the 
actual vitamin content and that calculated from the iodine titra- 
tion is surprisingly close for the Valencia juice and fairly close for 
the navel orange juice. There is but little choice, if any, between 
the relative values based on the iodine titration and the indophenol 
titration of Harris and Ray. If anything, the former fit the facts 
somewhat better. 

Loss in vitamin C accompanies decrease in reducing value of 
juice during oxidation and both occur at about the same rate. 
Also during this oxidation, the juice gradually browns. By using 


TABLE IV 
Calculated Ascorbic Acid Content of Juice 
Mg. ascorbic acid per ce. 
Series No 
From Harris titer From I, titer By animal assay 
V 1 0.355 0.342 0.333 
2 0.175 0.237 0.167 
3 0.102 0.107 0.100 
4 0.052 0.033 0.050 
5 0.043 0.026 
6 0.030 0.014 
N 1 0.366 0.413 0.333 
2 0.244 0.334 0.167 
3 0.073 0.112 0.100 
N-A 1 0.532 0.598 0.333 
2 0.355 0.444 0.333 
3 0.189 0.226 
4 0.097 0.128 0.167 
5 0.043 0.021 


the relative increase in red as an index the values in the seventh col- 
umn of Table III were obtained. It is interesting to note that 
these values are also in close agreement with the vitamin C content 
of orange juice. In view of the variation in yellow tint in Series N 
the calculated relative red tints are probably not as good as for 
the Valencia juice. The agreement is not as good as could be 
expected. 

The probable ascorbic acid contents of the juices calculated from 
the indophenol titrations and from the iodine titrations obtained 
after 140 days freezing storage are shown in Table IV. For this 
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purpose the indophenol was standardized against lemon juice (12). 
The fifth column in Table LV shows the ascorbic acid content of 
the samples estimated from the feeding data in Table I on the 
assumption that 1.5 ec. of orange juice contains 0.5 mg. of ascorbic 
acid, z.e. the minimum protective dose of 0.5 mg. found by Hirst 
and Zilva (6).2. Although the agreement between the estimated 
ascorbic acid content and that found by indophenol titration was 
good for Valencia juice, the latter was markedly higher in navel 
orange juice. It would seem that navel orange juice should con- 
tain appreciably more vitamin C than Valencia juice; 1 cc. of 
navel orange juice being the equivalent of about 1.5 cc. of Valencia 
juice. The values calculated from the iodine titration on Valencia 
juice are in fair agreement with the actual but this is not so for 
navel orange juice. 

In view of the fact that Bennett and Tarbert (18) claim that 
benzoate is involved in loss of vitamin C as measured by decrease 
in indophenol titer in juice exposed to air, our use of sodium ben- 
zoate to preserve the juices might be questioned. However, 
Morgan et al. (8) have shown by feeding tests that sodium ben- 
zoate has no effect on the vitamin C potency of bottled orange 
juice beverages protected from oxidation. Furthermore, the 
results of our experiments on the rate of oxidation and browning of 
orange juice which will be reported elsewhere definitely show that 
the rate of reduction in iodine-reducing value is independent of the 
presence of sodium benzoate and is merely a function of the amount 
of oxygen absorbed by the juice. Variations in amount of oxygen 
in the head space and their choice of fermenting juice as control 
may account for the results obtained by Bennett and Tarbert. 
Fermentation probably introduces some protective influence (re- 
ductase of the yeast) which prevents oxidation of the juice. 


SUMMARY 


1. Loss of vitamin C accompanies decrease in iodine-reducing 
and indophenol-reducing value of orange juice and occurs at about 
the same rate; the correlation of titer and antiscorbutic value is 
definitely better with Valencia than with navel orange juice. 

2. The extent of browning parallels the extent of loss in vitamin 

? Fresh orange juice is often reported to contain 0.6 mg. of ascorbic acid 
per ce. 
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C so that either the latter is involved in browning or it is destroyed 
simultaneously. 

3. Navel orange juice has a higher concentration of reducing 
substances than Valencia orange juice and probably has more 
reducing material other than ascorbic acid. 

4. The decrease in reducing value of orange juice which occurred 
during freezing storage was more marked in the partly oxidized 
juice. 

5. There is little choice between the indophenol titration and 
the iodine titration in estimating changes in vitamin C content 
during prolonged oxidation of orange juice. 

6. The iodine titration is superior to the indophenol titration in 
practise as it is easier to carry out and can be more readily dupli- 
cated. 
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It seems evident from earlier investigations by Deuel and co- 
workers that there is variability due to sex in the method by which 
carbohydrates are metabolized. Thus, it was shown that during 
fasting a more severe ketosis and ketonuria are present in women 
than in men (Deuel and Gulick, 1932). Although no such differ- 
ence was noted in the slight ketonuria which develops in rats dur- 
ing fasting, Butts and Deuel (1933) demonstrated that the amount 
of diacetic acid which was oxidized in fasting male rats was con- 
siderably higher than that utilized in the females when this acid 
was administered orally. Similar discrepancies were noted in the 
case of guinea pigs. These sex differences were found to continue 
undiminished for the duration of the tests, at least 7 days in the 
rat experiments and 5 days with the guinea pigs. 

Although no sex difference was observed in the level of liver 
glycogen in unfasted rats which had previously been fed on a high 
carbohydrate diet, Deuel, Gulick, Grunewald, and Cutler (1934) 
found that the males had much higher averages in this constituent 
following 24, 48, or 72 hours of fasting than did the females. 
Owing to an abrupt rise in the liver glycogen in the female rats 
following this period, no differences were found after a 96 hour 
interval, while after a 120 hour fast a higher mean was obtained in 


* A preliminary report of some of these data has been published (Deuel, 
H. J., Jr., Samuels, L., and Gulick, M., Proc. Soc. Exp. Biol. and Med., 30, 
27 (1932-33) ). 
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the female. Concomitant with this rise in liver glycogen in the 
female rats during this latter phase of the fast periods, an appreci- 
ably lower muscle glycogen content than that of the males was 
found in several series, which might suggest that the augmentation 
in liver glycogen in the females had been at the expense of muscle 
glycogen. ‘The liver lipid was higher in the female animals during 
the entire period of fasting. In guinea pigs which were fasted for 
48 hours, the liver fat was found to be on an average 55 per cent 
higher in the females. 

The probable explanation for the sex difference in liver glycogen 
and fat and in the metabolism of diacetic acid during fasting is that 
it is an endocrine phenomenon traceable directly or indirectly to a 
primary stimulation by an ovarian or testicular hormone. In the 
present work we have compared the glycogen level of normal and 
ovariectomized female rats. The latter group was studied with 
and without theelin injections. 


EXPERIMENTAL 


Rats 4 to 6 months old from our own colonies were employed. 
These had been kept for several weeks on our stock diet as de- 
scribed elsewhere (Deuel, MacKay, Jewel, Gulick, and Grune- 
wald, 1933). In so far as possible the comparisons have been 
made between normal and ovariectomized female rats which were 
litter mates. The operation (bilateral ovariectomy) was performed 
at least a month prior to the determination of liver glycogen. Only 
those normal animals which showed regular estrual cycles were 
used. The completeness of ovariectomy was checked by vaginal 
smears made over several days and any animals showing any 
activity were discarded. Glycogen was determined by the modi- 
fied Pfliiger method previously employed (Deuel, MacKay, Jewel, 
Gulick, and Grunewald, 1933). In order to equalize the carbohy- 
drate content at the start of the fast, the rats were subjected to a 
preliminary fast of 48 hours, after which they were given glucose 
in 50 per cent solution by stomach tube in a dose of 5 mg. per sq. 
em. of body surface. They were killed 48 hours later. The cas- 
trated females which received theelin were injected with 1 unit of 


this hormone per 140 gm. of rat three times daily for 8 days prior ~ 


to being killed. This dosage was sufficient to maintain these 
animals in active estrus continuously after the Ist day. Amytal 
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Liver and Muscle Glycogen after 48 Hours Fastingin Normal Male and Female 
Rats and in Ovariectomized Rats with and without Theelin 


Liver glycogen Muscle glycogen 
Experimental No. Ratio, Ratio, 
condition Mean P.e. of Mean Pe. of 
mean p.e. of mean p.e. of 
mean dif- mean dif- 
ference* ference 

Males 
(Group A) I 19 | 0.47 | 0. 10.253 |0.005 

Average; 34 | 0.45 | 0.026) 2.33 |0.303t 
(Group 
A:C) 

Females 

(Group B) I 17 | 0.31 | 0.023 0.246 | 0.007 
Average} 31 | 0.25 | 0.017) 6.25 |0.308f 
(A:B) 

Ovariectomized| I 19 | 0.53 | 0.056 10.266 | 0.006 
females II 12 | 0.58 | 0.056 a 0.007 
(Group C) III 9 | 0.56 | 0.089 0.256 | 0.007 

Average! 40 | 0.55 | 0.036) 7.50 (0.247 | 0.005 
(B:C) 

Ovariectom- II 15 | 0.37 | 0.033 0.214 | 0.016 
ized females, Ill 10 | 0.40 | 0.050 0.199 | 0.010 
with theelin 
(Group D) 

Average} 25 | 0.38 | 0.027) 3.78 .208 | 0.008) 4.15 
(C:D) (C:D) 


* Probable error (individual determination) = average deviation X 


0.8453. 


P.e. (mean determination) = p.e. (individual)/*~/n 


“ ( “ 


difference) = +/ (p.e. (mean a))* + (p.e. (mean b))? 


Mean a and mean b refer to the averages in which the significance of the 


differences is being tested. 


t Gastrocnemii only; other determinations carried out on rear muscles 


of right rear leg. 
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was used as an anesthetic before removal of the liver and muscle. 
Table I gives the average results obtained in the various series of 
tests. The experiments in Group I were carried out simultane- 
ously in March, 1932, while those in Groups II and III were made 
in May of the same year. The average results for normal males 
and females is the mean of four groups (including Group I) re- 
ported elsewhere for rats similarly treated (Deuel, Gulick, Grune- 
wald, and Cutler, 1934). 

The liver glycogen is consistently higher in the untreated ovari- 
ectomized rats after 48 hours of fasting than it is in the normal 
female animals. The level of 0.55 per cent in the former group, 
which represents a mean of forty animals, is more than double the 
average value of 0.25 found on thirty-one normal female rats. 
The ratio of mean difference to probable error of mean difference 
between these groups, 7.50, indicates that these averages are 
statistically significant. On the other hand, the variation in the 
figures of muscle glycogen between the ovariectomized animals 
and the normal females in Group I with which they are directly 
comparable is inappreciable. Although the mean of liver glyco- 
gen in the normal males (0.45 per cent) is also somewhat lower than 
that of the ovariectomized animals, the difference can hardly be 
considered significant from a statistical standpoint. 

The administration of large doses of theelin to ovariectomized 
rats did result in an appreciably lower level of liver glycogen than 
that of their uninjected controls. The ratio of mean difference 
to probable error of mean difference, 3.78, suggests that the diverg- 
ence is a real one. However, the average value of 0.38 per cent 
for the theelinized animals is not significantly different from the 
mean of the normal males fasted an equal length of time. More- 
over, it is higher than we have ever found for any group of normal 
female rats after a 48 hour period of fasting. If theelin is the fac- 
tor which augments the metabolism of carbohydrates and so re- 
sults in lower levels of liver glycogen during fasting in the female, 
one would expect an exaggerated effect when this abnormally high 
dose of the hormone is administered. This should result in 
lower values than are found for normal females instead of higher 
ones. The factor produced by the ovary which alters the metab- 
olism of carbohydrate in the female is therefore probably not due 
solely to theelin. The muscle glycogen, which averages 0.208 
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per cent in the group of animals which received theelin, is sig- 
ficantly lower than in normal or castrated females. 

Although there is some evidence that castration in the male is 
followed by higher blood sugar levels (Werner, 1929; Rogemont, 
1930) and higher liver glycogen (Cahane, 1930), there are no con- 
clusive data as to the effect of ovariectomy in the female. Cahane 
(1930) reports higher values for liver glycogen in normal than in 
castrated female guinea pigs, but inasmuch as his mean is that of 
only four animals in each group and because the differences be- 
tween the groups are small (1.02 and 0.85), the results cannot be 
considered significant. Our own experiments in which the mean 
value of liver glycogen of forty castrated female rats was found to 
be more than twice that of thirty-one normal rats not only are 
statistically significant but they receive further support by the 
variations in the metabolism of diacetic acid reported in Paper V 
(Grunewald, Cutler, and Deuel, 1934). 


SUMMARY 


The mean level of the liver glycogen for ovariectomized rats 48 
hours after the administration of glucose in a dose of 5 mg. per 
sq. em. of body surface was found to be 0.55 per cent, while that 
of normal female animals following a like experimental routine 
equaled 0.25 per cent. No variability in muscle glycogen was 
noted. Although the liver glycogen figures for the castrated fe- 
males are higher than those found previously for normal males 
(0.45 per cent), the difference is not great enough to be considered 
statistically significant. 

When theelin was administered to ovariectomized rats, a lower 
value in liver glycogen was obtained than that for the uninjected 
controls. However, inasmuch as the mean was considerably higher 
than that obtained for normal female rats in which the concen- 
tration of theelin probably is much less, it is not considered that 
the sex difference in carbohydrate metabolism previously found is 
solely dependent on the production of theelin. 
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case of human subjects (Deuel, Gulick, and Butts, 1932). 
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V. THE METABOLISM OF DIACETIC ACID IN NORMAL AND 
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That rats can be used for the investigation of the cause of the 
sexual difference in ketosis is indicated from the experiments of 
Butts and Deuel (1933) in which it was shown that there is a simi- 
lar variability in ketonuria following administration of sodium 
acetoacetate by stomach tube to fasting male and female rats to 
that found to occur between men and women during complete 
fasting (Deuel and Gulick, 1932). Thus, a greater ketonuria 
(which is indicative of a smaller degree of oxidation) was found in 
the female rats than in the males. That the ketosis produced by 
the administration of diacetic acid is a physiological one is shown 
by the fact that a single administration of sugar to rats causes a 
lowering of ketonuria for 1 to 2 days, similar to the manner to 
which it is decreased when sugar is ingested during fasting in the 


over, when the rats had free access to food while receiving diacetic 
acid, no appreciable ketonuria developed over a period of several 
days during which the feeding was continued. We have also 
found that the 8-hydroxybutyric acid in the urine after diacetic 
acid ingestion is about 75 per cent of the total in female rats, which 
agrees well with the ratio found in human urine during fasting. 

* This work was aided by Grant 289 from the Committee on Scientific 


Research, American Medical Association. A preliminary report has been 
published (Deuel, H. J., Jr., Grunewald, C. F., and Cutler, C., Proc. Soc. 
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The marked discrepancies in the level of liver glycogen in normal 
and castrated female rats, as shown in the previous paper (Gulick, 
Samuels, and Deuel, 1934), prompted us to investigate the 
effect of castration on the level of ketonuria in male and female 
rats after the administration of comparable doses of diacetic acid 
by stomach tube. In view of the marked lowering in liver glyco- 
gen when theelin was administered to ovariectomized rats, a study 
was made on the effect of injection of this hormone on ketonuria 
in castrated male and female rats. Although it seems logical to 
assume that the level of the liver glycogen gives a partial index of 
the state of carbohydrate metabolism in the tissues, we believe 
that a more reliable one is afforded by the extent to which diacetic 
acid can be oxidized when it is given orally. As an illustration of 
this point, the oxidation of diacetic acid was fat greater during a 
period of 7 days in the male rats than it was in the females and 
there seemed to be no tendency for the difference to become less. 
On the other hand, Deuel, Gulick, Grunewald, and Cutler (1934) 
observed much higher values for liver glycogen in fasting male rats 
for only 72 hours after glucose administration, while the average 
for the female animals actually exceeded that of the males following 
a 120 hour period of inanition. Likewise, although the liver gly- 
cogen was found to be higher in the female guinea pig after a 48 
hour fast period than it was in the male animals, there was a con- 
tinuously lower ketonuria in the male guinea pigs for at least 5 
days. According to the glycogen results alone on rats, it would 
appear that a marked alteration in the carbohydrate metabolism 
between the sexes occurred after a minimum of 72 hours, while the 
results obtained after ingestion of diacetic acid seem to prove that 
no such change had taken place up to the end of the 7th day. 


EXPERIMENTAL 


The rats were from 4 to 6 months old, from our own stock colony. 
Castration was performed when the animals were about 5 weeks 
old. The experiments in each series except in Group V were 
carried out simultaneously. Since in most cases the animals were 
from exceptionally large litters, it was possible to arrange direct 
comparisons between normal and castrated male and female ani- 
mals with and without theelin from the same litter. This proved 
especially satisfactory because some variation seems to exist in 
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the ability of different animals to oxidize similar amounts of dia- 
acetic acid. However, this variability is much less than the sexual 
discrepancies. 

Urine was collected in approximately 24 hour periods under 
mineral oil in large funnels, as described elsewhere (Butts and 
Deuel, 1933). The animals were fasted from 5 p.m. on the night 
previous to beginning the experiment, and the administration of 
diacetic acid as well as the collection of urine was begun at 9 a.m. 
the following day. Diacetic acid was fed as the sodium salt in 
aqueous solution by stomach tube in two equal doses morning and 
evening in a total amount equal to 1.5 mg. (calculated as acetone) 
per sq. em. of body surface, based on the body weight at the start 
of the fast. Surface area was estimated by the formula of Lee 
(1929). Water was given ad libitum. The urines were checked 
daily for albumin and at least once during the experiment for sugar. 
In the few cases in which positive results were obtained, the experi- 
ments were discarded. Theelin was administered in two series of 
experiments in a dose of 1 unit per 140 gm. of rat three times daily. 
The injections were started at least 3 days prior to the beginning 
of the diacetic acid feeding. In all cases this dose was sufficient 
to maintain the animals in active estrus during the whole period of 
observation. In one group of experiments 10 times the above 
dose of theelin was given; namely, 10 units per 140 gm. of rat three 
times daily. Only female rats which exhibited regular estrual 
cycles previous to the fast period were used in the “normal” group, 
although this precaution was not taken with the animals in Group 
V. The completeness of ovariectomy was judged by continued 
anestrus for several days prior to the experimental feeding, as well 
as during the course of diacetic acid administration, as determined 
from vaginal smears. Acetone bodies were estimated by the pro- 
cedure of Van Slyke. The determination of urinary nitrogen was 
made by the Kjeldahl method. 


Results 


The summary of the average results of the acetone body excre- 
tion obtained in each of a series of experiments is given in Tables 
I and II. 

In order to conserve space, only the averages for the various 
groups of experiments are given. That the significance of the 


Taste I 


Summary of Experiments on Normal Male Rats and on Castrated Male Rats 
with and without Theelin When Fasting and Receiving 15 Gm. of 


Diacetic Acid per Sq.M. Daily 


Acetone bodies, gm. per sq. m. 


Group No. 
Day | | Day 2 | Day 3 | Day 4 | Day 5 
Normal males (Group A) 
I 4.48(3)*| 2.78(3) | 4.72(3) | 5.48(3) | 6.50(3) 
II 2.52(3) | 4.92(3) | 5.52(3) | 4.62(3) | 5.38(3) 
Ill 3.15(2) | 3.54(2) | 2.04(1) | 0.99(1) | 3.20(1) 
IV 2.44(3) | 3.23(3) | 3.40(2) | 3.82(2) 
Vt 4.54(13)| 4.81(12)} 5.18(11)| 6.03(9) | 6.56(9) 
3.90(24)| 4.24(23)| 4.83(20)| 5.14(18)| 6.12(16) 
6.29 8.54 8.87 8.76 7.50 
Castrated males (Group B) 
I 3.93(3) | 2.20(3) | 3.50(3) | 4.75(3) | 4.50(3) 
I 1.92(2) | 1.24(2) | 3.24(1) | 3.76(1) | 3.99(1) 
Ill 2.56(3) | 2.40(3) | 3.68(2) | 4.75(2) | 4.09(1) 
IV 3.32(3) | 2.43(3) | 3.09(2) | 1.23(1) 
2.93(12)| 2.14(11)| 3.41(8) | 4.11(7) | 4.32(5) 
2.62 8.08 2.33 1.45 2.31 


Castrated males receiving theelin (Group C) 


1! 3.00(3) | 3.66(3) | 6.18(3) | 6.73(3) | 6.96(3) 

1! 1.14(3) | 1.62(3) | 4.05(3) | 3.35(3) | 4.87(3) 

111‘ 2.41(3) | 2.86(3) | 3.06(2) | 2.50(2) | 3.54(2) 

2.18(9) | 2.71(9) | 4.60(8) | 3.56(8) | 5.32(8) 
ee 1.97 1.24 1.80 0.63 1.12 

Average (Groups B + 

2.61(21)| 2.40(20)) 4.00(16)} 3.82(15)) 4.94(13) 

Group A:B + Cf........| 4.08 7.08 1.77 2.04 2.36 


* Figures in parentheses represent the number of animals ingluded_in the 


average. 


+ Experiments of Butts and Deuel (1933). As originally given these 
results were calculated with the wrong factor. 


Correction is made here. 


t Ratio, mean difference to probable error of mean difference. 


§ Group D, Table IT. 


' 3 units of theelin per 140 gm. of rat daily. 
* 30 units of theelin per 140 gm. of rat daily. 
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Summary of Experiments on Normal Female Rats and on Ovariectomized Rats 
with and without Theelin When Fasting and Receiving 15 Gm. of 
Diacetic Acid per Sq.M. Daily 


Acetone bodies, gm. per sq. m. 


Group No. 
Day 1 | Day 2 | Day 3 | Day 4 Day 5 
Normal females (Group D) 
I 6.86(3)*| 9.18(3) | 8.90(3) | 10.17(3) |14.00(1) 
II 6.89(2) | 8.58(2) | 8.42(2) | 6.22(2) | 7.40(2) 
Ill 3.91(3) | 4.34(3) | 6.71(3) | 7.88(2) | 7.50(2) 
IV 5.19(3) | 5.65(3) | 9.22(2) | 9.92(2) | 8.26(2) 
Vi 6.55(12)| 9.08(12)| 9.00(9) | 10.39(9) |11.12(7) 
Average................}| 6.10(23)| 7.98(23)) 9.00(19)| 9.52(18)| 9.87(14) 
Group A: Df, §..........| 6.29 8.54 8.87 8.76 7.50 
Ovariectomized females (Group E) 
I 2.11(3) | 1.82(3) | 2.47(3) | 2.86(2) | 2.80(2) 
Il 2.15(3) | 2.10(3) | 3.18(2) 2.91(2) | 2.71(1) 
ul 1.87(3) | 2.54(3) | 1.89(3) | 2.53(3) | 2.87(3) 
IV 2.74(2) | 0.60(1) | 1.15(1) | 1.61(1) | 0.76(1) 
2.17(11)} 2.00(10)| 2.29(9) | 2.59(8) | 2.53(7) 
Group D:Ef...... 113.10 13.91 15.98 15.40 10.49 
5.96 9.33 6.51 5.93 5.98 
Ovariectomized females receiving theelin (Group F) 
1! 2.27(3) | 3.24(3) | 3.08(3) | 2.88(3) | 2.90(3) 
11! 2.28(3) | 4.40(3) | 3.67(3) | 3.02(3) | 3.41(3) 
11! 3.18(3) | 3.37(3) | 3.16(2) 5.31(2) | 4.66(2) 
Average................| 2.58(9) | 3.69(9) | 3.32(8) | 3.54(8) | 3.53(8) 
1.78 4.45 1.98 2.11 1.61 


* Figures in parentheses represent number of animals included in the 


average. 


+ Experiments of Butts and Deuel (1933). 
results were calculated with the wrong factor. 


As originally given, these 
Correction is made here. 


t Ratio, mean difference to probable error of mean difference. 


§ Group A, Table I. 


' 3 units of theelin per 140 gm. of rat daily. 


* 30 units of theelin per 140 gm. of rat daily. 
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individual experiments may not be lost, the ratio of mean differ- 
ence to the probable error of mean difference is reported between 
the groups which it was desired to compare. The procedure for 
the calculation of this ratio is described in Paper IV (Gulick, Sam- 
uels, and Deuel, 1934). 

Since it has seemed best to make the comparisons in acetone 
body excretion on the basis of body surface, it is not self-evident 
just what absolute amounts of these substances are being excreted. 
As the body surface of most rats which we used approximated 
slightly over 300 sq.cm., the value for the absolute amount ex- 


TABLE III 


Average Nitrogen in Urine of Male and Female Rats during Fasting When 
Receiving 15 Gm. of Diacetic Acid per Sq.M. Daily 


Theelin, Urine N, gm. per sq. m. 


Experimental condition | per 140 
gm.body} Dayi | Day2 | Day3 | Day4 | Day5 


4. 48(24)*/4. 
4.45(23) |4.41(23)/3.50(19)|3.25(18)|3.00(14) 
4.44(12) |4.46(11)|3.59(8) |4.03(7) |3.79(5) 
3.23(6) |4.12(6) |3.82(6) |3.45(6) |3.44(6) 


Normal males........ 0 
0 
0 
3 
30 |3.89(3) |4.40(3) |4.37(2) |4.17(2) |3.61(2) 
0 
3 
30 


females... ... 
Castrated males.... .. 


5.17(11) |4.65(10)|4.09(9) |3.45(8) |4.28(7) 
4.22(6) |4.60(6) |3.94(6) |3.43(6) |3.43(6) 
3.93(3) |4.32(3) |3.61(3) |4.05(8) |3.53(8) 


females... .. 


* Figures in parentheses indicate the number of experiments included in 
the average. 


creted can be ascertained by dividing the value given in Tables I 
and II by 30. An average excretion of 2 gm. per sq.m. of body 
surface compares with an elimination of 60 to 70 mg., while one of 
10 gm. per sq.m. involves one of 300 mg. It is seen that in all 
cases the values reported here are sufficiently high to allow accurate 
determinations. 

A summary of the urine nitrogen excretion for the various groups 
is given in Table III. 


DISCUSSION 


The sexual difference in the ability of the male and female rat 
to oxidize diacetic acid, as first noted by Butts and Deuel (1933), 


Grunewald, Cutler, and Deuel 41 


has been confirmed with a larger group of animals. The greater 
ketone body excretion in the female must chiefly be associated 
with a secretion of the ovary, since the oxidation of diacetic acid 
is almost complete in those animals from which the ovaries have 
been removed. Whereas the excretion of total acetone bodies 
rises from 6.10 gm. per sq.m. on the Ist fast day to an average of 
9.87 gm. on the 5th day in normal female rats, this value varies 
only between 2.00 and 2.59 gm., with the maximum on the 4th 
day in the case of the ovariectomized rats. Castration in the 
male, on the other hand, is not followed by such a striking change, 
largely because the level for normal males is a much lower level than 
for the normal females. The elimination of ketone bodies in the 
urine of normal males increases from 3.90 gm. on the Ist day to 
6.12 on the last fast day, while the variation in the castrated males 
is from 2.14 to 4.32 gm. Although the average for the castrated 
males is from 20 to 50 per cent lower than for the normal male 
controls, the variations in individual experiments are too great for 
the mean values to be significant except on the 2nd day. How- 
ever, when a grand average is made of all the castrated males, 
including those which received theelin, the lower level seems certain 
for at least 2 days. These results may be interpreted to indicate 
that some factor is produced by the testes, which also has the 
power to stimulate ketone body formation, although a smaller 
amount of this is produced or it is qualitatively less active than 
that formed in the ovary. This conclusion seems further sup- 
ported when one compares the level of ketonuria in the normal 
males and the castrated females. The averages in the latter group 
are significantly lower throughout the whole fast period. 

The injection of the ovarian hormone, theelin, does not sig- 
nificantly increase the ketone body excretion in either the cas- 
trated males or in the ovariectomized females. If theelin were the 
hormone responsible for the ketosis, one would expect a greater 
ketonuria when abnormally large amounts are injected into cas- 
trated animals than occurs in the normal animals. However, the 
results in neither group of animals which received theelin are sig- 
nificantly higher than that of the castrated controls. In fact, 
in Group III of castrated males which received the large dose of 
theelin (30 units per 140 gm. of rat per day), the excretion of total 
acetone bodies is lower in 4 of the 5 days than in the untreated 
castrated rats. 
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The greater oxidation of the diacetic acid in the castrated fe- 
males than in the normal females or even the normal males is in 
harmony with the results obtained in Paper IV in which it was 
shown that the liver glycogen is higher in castrated females than 
in normal female rats. Although the liver glycogen in normal 
males can hardly be considered lower from a statistical standpoint, 
nevertheless we have found that there is a significantly greater 
excretion of acetone bodies in normal males than in castrated 
females, which would lend weight to the viewpoint that such 
differences in glycogen level between these groups are significant. 

However, it is reported in Paper IV that the administration of 
theelin does significantly lower the glycogen reserve in castrated 
females, although the average values are higher than we have ever 
found for normal female animals fasted an equal length of time. 
The failure to find such a significant difference in the metabolism 
of diacetic acid would seem to indicate that inverse relations may 
not always be expected between the level of liver glycogen and 
the extent of the ketonuria. Of these two methods of comparing 
carbohydrate metabolism, it would seem that the study of the level 
of ketonuria is the better since it registers the relationships in the 
tissues throughout an entire 5 day period, while the value for liver 
glycogen can only give a comparison at the time when the animals 
are killed. 

The variations in the ability of the males as contrasted with the 
females and of castrated animals as compared with normal ones 
in oxidizing diacetic acid must be due to a qualitative rather than 
a quantitative difference in metabolism. Although we have not 
as yet made determinations of the respiratory metabolism, the loss 
of weight of the animals in Group I which survived 5 days was 
recorded. ‘This loss should give an index of the extent of the metab- 
olism during the 5 day fast period. It was found that the average 
loss in weight amounted to between 36 and 42 gm. in the various 
groups. The percentage loss varied only between 18.5 and 19.7 
per cent of the original weight. 

The level in protein metabolism seems to be quite close in the 
various groups. There are consistently lower figures in the last 3 
days in the female than in the male on similar days. Moreover, 
appreciably higher values than were found with the normal fe- 
males were obtained with the castrated female controls, as well as 
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in those which received theelin, with the exception of the Ist day 
of the fast. Although we are not prepared to say that the differ- 
ence in level of protein metabolism is necessarily concerned with 
the variations in the ketosis, it would seem that because of their 
uniformity they offer proof of the fact that no abnormalities in 
kidney function followed the administration of diacetic acid. The 
lower level of urinary acetone bodies in the male as compared with 
the female as well as the large decrease in elimination of these con- 
stituents in the ovariectomized rats must be due to a different 
degree of oxidation rather than to a variable degree of retention by 
the kidney. 


SUMMARY 


The ketonuria which occurs in ovariectomized fasting rats follow- 
ing the daily administration of diacetic acid is about one-fourth 
that found in normal females and about one-half that obtained 
with normal male rats. 

Smaller amounts of acetone bodies are eliminated by the cas- 
trated males than by the normal animals. 

The administration of theelin to either group of castrated ani- 
mals did not result in any appreciable increase in ketonuria. 

It is suggested that some constituent other than theelin is pro- 
duced in large amounts in the ovary and in much smaller quanti- 
ties in the testes, which stimulates fat metabolism and so results 
in an increase in ketonuria. 
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THE SEXUAL VARIATION IN CARBOHYDRATE 
METABOLISM 


VI. THE ROLE OF THE ANTERIOR PITUITARY IN THE METABO- 
LISM OF DIACETIC ACID* 


By JOSEPH S. BUTTS, CHARLES H. CUTLER, anv 
HARRY J. DEUEL, Jr. 


With THE TECHNICAL ASSISTANCE OF Perry N. PIEROSE 


(From the Department cof Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, January 2, 1934) 


Anselmino and Hoffmann (1931) have reported the presence of 
the so called fat metabolism hormone in extracts of the anterior 
lobe of the hypophysis. When such an extract was injected into 
rats or human beings, an increase in ketosis occurred which was 
presumably due to a rise in the metabolism of fat. No mention 
is made of a ketonuria. The active principle was insoluble in 
chloroform, alcohol, and ether and it passed through an ultrafilter. 
It was destroyed when heated for 15 minutes at 60°. When fat 
was ingested by human subjects, something was added to the blood 
which was probably the fat metabolism hormone. Its presence 
could be demonstrated by the increased acetone body formation 
which results when such blood was injected into a rat. 

Burn and Ling (1933) have also found that the injection of a 
neutralized alkaline extract of beef anterior lobe into rats on a 
butter fat diet usually was followed by a marked rise in ketonuria. 
Positive results were obtained in seven of the twelve female rats 
used, but the tests were negative in every case with the five males 
injected. During pregnancy a sharp rise in the acetone body 
excretion was found to take place spontaneously in rats kept on 
the above diet several days before parturition. This dropped to a 


* A preliminary report of some of these data has been published (Butts, 
J. 8., Cutler, C., and Deuel, H. J., Jr., Proc. Soc. Exp. Biol. and Med., 31, 


310 (1933-34) ). 
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minimum value by the time that the litter was born. These 
authors conclude that the excretion of acetone bodies on a fat 
diet is dependent on the hormones circulating in the blood rather 
than on the ratio between carbohydrate and fat in the diet. 

These results indicated to us the possibility that the sexual 
difference in ketosis (Grunewald, Cutler, and Deuel, 1934) might 
be definitely related to the secretion of the fat metabolism hor- 
mone by the anterior pituitary gland. If the suggestion of Burn 
and Ling is correct that such an extract is inactive in male ani- 
mals, one has a satisfactory explanation for the higher ketosis in 
the female. One might postulate that although this hormone is 
produced by the anterior pituitary of both sexes, it exerts its keto- 
genic effect only when it acts in conjunction with the ovary. 
Obviously, if such were the case, it would be inactive when in- 
jected into ovariectomized animals. 

In the present work the effect of the injection of this hormone on 
the ketonuria of normal and castrated male and female rats has 
been determined. ‘The tests were made not only on animals under- 
going simple fasting but also on rats in which a high level of ketosis 
had been produced by the oral administration, twice daily, of di- 
acetic acid during inanition. As a result of our experimental find- 
ings an entirely different conception of the rdle which the fat me- 
tabolism hormone plays in bringing about the sexual difference in 
ketosis must be postulated from that pictured above. 


EXPERIMENTAL 


The rats used were from the same group which was employed in 
Paper V. In the first group of experiments reported in Table I, 
the artificial ketosis was produced by the method previously 
described (Butts and Deuel, 1933). In the second series of tests, 
no diacetic acid was fed but the effect of the various substances on 
the slight ketosis which occurs during simple fasting in the rat was 
studied. In order to enable us to obtain a sufficiently large volume 
of urine so that it might be separated from day to day with a fair 
degree of accuracy, we have produced a diuresis in the fasting rats 
by the administration twice daily of 10 per cent sodium chloride 
solution by mouth. The total daily dose was equivalent to 1 ce. 
per 100 sq. em. of body surface. It was calculated to give approxi- 
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mately the amount of sodium which was administered as sodium 
acetoacetate in the experiments in which the artificial ketosis was 
produced. This quantity of sodium chloride appeared to be well 
tolerated and we have obtained a lower mortality and kept the 
animals in better condition than with simple fasting. 

The extracts of pituitary were made from the fresh anterior lobe! 
of beef cattle by the method of Burn and Ling. The anterior lobes 
after being dissected free from the rest of the gland were ground in 
a mortar with one-fourth their weight of sand. Then distilled 
water was added in an amount equal to 1.5 times the weight of the 
glands followed by 1 volume of 0.2 Nn NaOH. After shaking thor- 
oughly, this mixture was allowed to stand in the refrigerator over- 
night. Inthe morning 0.2 N acetic acid was added to bring the pH 
of the solution to 6.8. The precipitated proteins were removed by 
centrifugation and filtration. Sufficient sodium benzoate was 
added as a preservative to give a 0.5 per cent solution. Each ce. 
of the solution represented the extract of about 0.4 gm. of fresh 
gland. The first extract (No. I) was prepared from animals in 
which the sex was not noted (probably largely steers), while Ex- 
tract II was obtained from steers, and the last (Extract ITI) was 
made from the glands of cows. These preparations were kept in 
the refrigerator with an apparently undiminished potency for at 
least 3 weeks. The boiled extracts were made from anterior 
pituitary Extract I by heating in a boiling water bath for 5 min- 
utes, cooling, filtering the coagulated proteins, and washing the 
residue on the filter with sufficient water to bring to the original 
volume. The alcohol extracts were obtained by the addition of 2 
volumes of absolute alcohol to anterior pituitary Extract I, cen- 
trifugation of the precipitate, removal of the alcohol in a vacuum 
oven at a low temperature, and making up the volume to that of 
the aqueous extract originally taken. 

Since it appeared that the active principle had properties resem- 
bling those of proteins, control experiments were made in which 
extract of ground beef similarly prepared was used. In addition 
the effect of the injection of 1 per cent egg albumin and gelatin 


' These glands were kindly furnished us by the Hauser Packing Company 
of Los Angeles. 
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solutions was noted. Inasmuch as these results were essentially 
negative, the report of them is not included. The phyon was 
obtained from Wilson and Company. Its growth-promoting 
action was proved by the method outlined by Van Dyke and 
Wallen-Lawrence (1930). Antuitrin S of Parke, Davis and Com- 
pany was used as a source of prolan. The activity of this product 
was also confirmed by the usual method of assay. 


Results 


Effect of Administration of Anterior Pituitary Extracts on Keton- 
uria of Fasting Rqts Fed Sodium Acetoacetate—Table I gives a 
summary of the effect of the administration of the anterior pitui- 
tary Extract I on the ketonuria of normal and castrated male and 
female rats which were fed 1.5 mg. of diacetic acid (calculated as 
acetone) per sq. em. of body surface in divided doses daily during 
fasting. The comparison in the level of the excretion of ketone 
bodies is made with that of a°small number of controls which were 
studied simultaneously. These control values are similar to those 
obtained with a large number of animals in each group which 
received like amounts of sodium acetoacetate, the results for which 


are reported in Paper V. For convenience the mean values of the’ 


earlier report are included here. 

In thirty-eight of the forty individual experiments in which the 
pituitary extract was administered, the ketone body excretion 
immediately exceeded that of the average of the untreated control 
animals. The two negative tests were obtained on 2 successive 
days on a single normal female rat. After continued injections of 
anterior pituitary Extract I, however, the ketonuria in this animal 
reached a level well above that of the untreated controls on the 
3rd day. Because of the high level of ketosis which develops, we 
have been unable to keep any of our animals alive as long as 5 
days. The highest mortality obtained with normal females which 
were injected with this extract as would be expected, since it is with 
this group that ketosis would be the highest in the control animals. 

Effect of Administration of Anterior Pituitary Preparations on 
Ketonuria of Fasting Rats Given Sodium Chloride Solution—Since 
it soon became evident that a considerable ketone body excretion 
occurred on the administration of active pituitary preparations to 
normal fasting rats, the majority of our experiments have been 
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made by the latter procedure. The effect can more readily be 
determined with certainty than by the former technique, since the 
normal excretion of acetone bodies during fasting in the rat seldom 


TaBLeE II 
Acetone Body Excretion in Urine of Fasting Rats Receiving 10 Per Cent 
Sodium Chloride Solution by Mouth and Various Preparations of 
Anterior Pituitary Gland 


Body weight Urine acetone bodies, mg. per day 


Rat No. and sex 
Start Loss Day 1 | Day 2 | Day 3 | Day 4 | Day 5 | Day 6 


Subcutaneous injection of anterior pituitary (Group A) 


gm. gm. 
1150 9° 170 32 1.0 1.0 | 52.8* | 53.1% | 1.9 0.7 
1151 9° 182 48 1.2 (B)t 
1155 265 60 1.3 1.3 | 49.3* | 37.3% | 2.0 
1156 #7 260 1.5 1.5 | 31.1* | 50.2*| 1.3 | Died 
1152 (B)t 0.9 | 42.7* 
1157 1.0 0.0* 


Subcutaneous injection of boiled extract as above (Group B) 


1152 9 197 46 1.0 1.0 0.9 1.4* | 0.9 (A)t 
1155 | 2.0 2.8* 
1157 218 55 1.0 1.0 1.1 (A)t 
1151 (A)t | 1.1 0.9* 


Pituitary extract as above by stomach tube 


1153 @ 189 48 1.3 1.3 1.1 1.1 1.6* | 0.0 
1158 ¢ 208 57 0.9 0.9 08 0.8 1.1* | 0.6 


Subcutaneous injection of alcohol filtrate of pituitary extract as above 


0.9 
0.9 


0.9 
0.9 


0.8 
1.2 


0.8 
1.2 


35 
60 


165 
190 


1154 9 


1. 2.8* 
1159 # 1 


1 
0 0.9* 


* Indicates day of administration of pituitary extract. 
+ Earlier or later results in section indicated. 


exceeds 2 mg. per day and after the injection of the active extracts 
the increase may be 100-fold. A summary of the results with 
various preparations is included in Tables II to IV. 
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The administration of 10 per cent sodium chloride solution did 
not have any appreciable effect on the level of ketonuria. The 
average value of 1 to 2 mg. per day usually found for the control 
days with normal male and female rats is approximately that re- 
ported by Butts and Deuel (1933) in fasting rats to which no salt 


TaBLe III 


Effect of Various Doses of Anterior Pituitary Extracts on Ketonuria of Fasting 
Female Rats Receiving 10 Per Cent Sodium Chloride Solution 


Urine acetone bodies, mg. per day 
Body Extract, Source of 
No. | weight per day extract 


Day 5| Day Day7 


Day 1 Day 2| Day | Day 4 


Single injection of pituitary extract on 2nd day only 


gm. ce. 
1198 | 264 | 1.0 Steer | 69.9*| 134.1) 5.7 
1214 | 222 | 1.0 1.6 | 81.5) 9.0 0.6t 
1199 | 228 | 1.0 Cow 1.6 | 49.2) 24.5 
1202 | 238 | 0.25 | Steer | 20.8) 9.4 
1204 | 223 | 0.12 ” 0.6 6.0) 1.2 
1205 | 196 | 0.12| Cow | 0.6 0.0) 4.6 

Daily injections of pituitary extract begining 2nd day 
1206 | 197 | 0.5 Steer 0.9 | 37.9) 61.0 | 109.2 | 112.5 
1207 | 190 | 0.5 Cow 0.1 | 17.4) 7.8] 19.4] 27.8) 22.4 


Daily injections of pituitary extracts and oral administration of 0.75 gm. 
glucose beginning 2nd day 


1208 | 217 | 0.5 | Steer | 0.8 2.8) 0.3 0.9 1.8} 1.5) 2.9 
1209 | 236 | 0.5 | Cow 0.9 7.5) 0.2 
1227¢] 250 | 1.0 | Steer | 2.4 0.4 


* Pregnant. 
Antuitrin 8S. 
t Male rat. 


solution was given. The high control values observed on Rats 
1198 and 1202 (Table III) are exceptions. Rat 1198 was shown 
to be pregnant when it died 2 days later; it was estimated to be in 
about the 17th or 18th day of pregnancy. This high level during 
fasting confirms the large increase in ketonuria which Burn and 
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Ling have observed in rats fed on a butter fat diet several days 
before parturition. 

The volume of urine is largely increased by the salt solution. 
It ranged from 7 to 32 ce. per day in Rats 1150 to 1159 (Table IT) 
between the 4th and 6th days during which it was measured. 
The average figures were 19.6, 14.6, and 16.0 cc. respectively for 
the 3 days. Although all of these do not represent control days in 


TaABLe IV 


Effect of Various Doses of Antuitrin S and Phyon on Ketonuria of Fasting 
Rats Receiving 10 Per Cent Sodium Chloride Solution 


Antuitrin Phyon 
A bodies, mg. A bodies, mg. 
Rat No. | Rat No. | 
and sex injected Day 2 Sex | jected* 
I 1 rig 1 
units cc. 
1199 9° 25 | 1.4 0.5 | 2.8 | 1218 07 | 1.5 1.3 | 32.3] 1.2 
1214 9° 25 | 9.0t| 0.6 1219 7 | 1.0 2.4 | 96.4) 2.0 
1215 9 25 | 0.9 0.0 1202 9 | 0.5 | 15.7f | 39.2) 9.0° 
1224 7 50 | 1.9 0.7 | 0.7 | 1204 9 | 0.5 1.5 | 23.2] 4.6 
1225 ¢@ 50 | 1.4 0.9 1214 #7 | 0.5 0.6§ | 22.6 
1226 50 | 0.7 0.4 1221 7 | 0.25; 1.5 
1222 | 0.12; 1.8 0.2; 1.5 
1223 0.12] 1.9 0.3} 1.0 


* Commercial extract diluted 1:8. 
+ After effect of injection of 1.0 ec. of anterior pituitary Extract II on 


previous day; no other control day. 
t After effect of injection of 0.5 cc. of anterior pituitary Extract II on 


previous day; no other control day. 
§ Antuitrin injected. 


which the volume of urine is influenced alone by the salt solution, 
no appreciable difference was noted in such animals from the con- 
trols on salt solution. No diarrhea was experienced by the rats 
and the animals survived longer and remained in better condition 
than in most of our experimental procedures involving such an 
extended period of inanition. 

The positive results in ketosis demonstrated by the administra- 
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tion of the various pituitary preparations as well as by phyon are 
not to be traced to substances which might be eliminated un- 
changed and which would react with the mercuric sulfate reagent 
in the Van Slyke procedure for determination of acetone bodies. 
Negative results were obtained in each case when the various pitui- 
tary extracts, phyon, or antuitrin S were tested with the acetone 
body reagents in the maximum amounts used in any of the experi- 
ments reported here. 

The urinary nitrogen was determined in all of the experiments 
reported here. Since the values do not appear to diverge greatly 
from those reported in Paper V the values are not given. They 
do confirm the fact that complete collection of the urine has been 
obtained. Albumin and sugar tests have been made daily and 
they were found to be uniformly negative. 


DISCUSSION 


The injection of a neutralized alkaline extract of the anterior 
lobe resulted in a rise in the excretion of ketone bodies in every case 
in those animals in which a ketonuria had been produced by the 
daily administration of sodium acetoacetate. The tendency seemed 
to be to increase to a maximum level which was approximately 
equal to that which was being fed; 7.e., 15 gm. per sq.m. of body 
surface per day. In three experiments this figure was exceeded, 
which indicates that a certain proportion of the ketone bodies were 
originating from endogenous sources. The fact that neither cas- 
tration nor the sex of the animal appeared to have any effect on 
the extent of acetonuria following the administration of the active 
principle indicates that the ability of this substance to provoke a 
ketosis is independent of the presence of the ovaries or testes. 

In Group A, Table II, in which no sodium acetoacetate was 
fed, the administration of the fat metabolism hormone likewise 
was followed by an unmistakable rise in the acetone bodies of 
the urine. This effect occurred independently of the sex of the 
animal used. That it results from a stimulation of fat metabolism 
is indicated by the fact that when glucose was administered orally 
simultaneously with the injection of the extract (Rats 1208, 1209, 
and 1227, Table III) no appreciable ketonuria occurred over a 
period of 5 days during which this procedure was continued. In 
the experiments of Group A on fasting animals recorded in Table 
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II, no prolongation of effect of the ketogenic principle extended 
into the control day following its administration. However, in the 
experiments given in Table IV, one notes that in several cases the 
acetone body excretion is still somewhat elevated on the next day 
after administration of the pituitary extract. Moreover, there 
tends to be a summation of effect if injections are made daily over 
a number of days (Rats 1206 and 1207, Table III). The con- 
tinued effects indicate that this principle tends to promote fat 
metabolism rather than to cause a mere flushing out of ketogenic 
material. Otherwise, the later doses would not result in a keton- 
uria. 

At present there are not sufficient observations on different 
extracts to prove that those made from the anterior lobes of cows 
are less effective than those prepared by an identical procedure 
from the glands of steers. However, our results are uniform in 
showing that anterior pituitary Extract II (steer) was more po- 
tent than Extract III (cow). We are at present engaged in further 
tests on different preparations to determine whether this difference 
always obtains. The ketone body output does seem to be quite 
quantitative in relation to the amount of extract injected. Thus, 
the effects of 1, 0.5, 0.25, and 0.125 ce. of Extract II per day in 
different females resulted in the excretion of 81.5, 37.9, 20.8, and 
6.0 mg. of ketone bodies respectively. With the exception of the 
last value, the ketone body excretion of each succeeding animal is 
approximately one-half that of the preceding one, which is an 
identical proportion to the dose administered. 

Although we have made no extensive investigation of the chemi- 
cal composition of this ketogenic substance, its properties are 
indicative of its protein nature. Thus, it is destroyed by heat, it 
is precipitated by alcohol, and it is ineffective when taken orally. 
These results are in harmony with those of Anselmino and Hoff- 
mann. The question which next arises is whether it is identical 
with any of the present known hormones which are formed in the 
anterior lobe. One would suspect from the fact that it is obtained 
by extraction with alkali that it might be identical with the growth- 
promoting hormone separated in fairly pure form by Van Dyke 
and Wallen-Lawrence (1930). The commercial product which 
contains this active principle, phyon (Wilson), has been shown to 
cause a ketonuria as great or even greater than we have obtained 
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from crude extracts of the pituitary gland. However, extended 
comparisons of growth-promoting properties with ketogenic effects 
must be made before an identity can be assumed. On the other 
hand, antuitrin 8, the pituitary-like sex hormone, was found to be 
entirely devoid of any stimulating effect on ketone body formation. 
These observations are at variance with those of Anselmino and 
Hoffmann who believe that the fat metabolism hormone is not 
identical with the growth-promoting principle. Whereas some- 
what similar results were obtained with prolan solutions as with 
pituitary extracts containing the ketogenic principle, the above 
investigators believe they are not identical, since the latter has 
been shown to be 200 times as effective as prolan. 

Since the crude extract of the anterior pituitary gland which we 
employed probably contained the thyrotropie principle in addition 
to the ketogenic one, it might be suggested that these were 
identical. The stimulation in metabolism which would result 
from the secretion of thyroxine might be sufficient to cause a rapid 
utilization of the ketolytic substances with a resulting ketonuria. 
Three facts, however, indicate that these hormones are distinct. In 
the first place only a slight ketonuria followed the injection of the 
thyrotropic hormone? which was kindly furnished us by Dr. Collip. 
On the other hand, the maturity and growth hormones of Collip 
gave a much more pronounced effect on the excretion of acetone 
bodies. ‘The thyrotropic principle was considerably less in these 
latter fractions. Secondly, if the ketosis were to be traced exclu- 
sively to thyroid stimulation, one would expect a slower response 
than occurred in our experiments. Lastly, Krichesky* has shown 
that the thyrotropic hormone is thermostable, which definitely 
differentiates it from the ketogenic principle which is destroyed by 
heat. The adrenotropic fraction, prepared by Collip, was likewise 
found to be completely inactive in producing a ketonuria. 

The similar response in increasing the existing ketonuria when 
the ketogenic hormone is injected at different levels of existing 
ketosis, in animals receiving either sodium acetoacetate or salt 
solution, would seem to give further proof to that already given 
(see Paper V) that the ketonuria produced by the administration 


2? Unpublished experiments. 
® Personal communication from Boris Krichesky, University of California 
at Los Angeles. 
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of diacetic acid is a physiological one which is affected by the same 
factors that control endogenous ketone body excretion. 

Since the injection of the extract of no other organ is known to 
possess a stimulating effect on ketosis comparable with that ex- 
erted by the anterior lobe, it seems probable that the readier 
susceptibility of the female to ketosis during fasting might be asso- 
ciated with the production of a greater amount of this material than 
occurs in males. This being true, its formation must be brought 
about by some hormones of the reproductive glands, inasmuch as 
the ketonuria is markedly reduced in the female and slightly in 
the male as the result of castration. However, the action of the 
ketogenic hormone of the anterior lobe must be independent of 
the testes and ovaries, since no differences following its injection 
were noted in the ketonuria which develops in normal male and 
female rats from that occurring in the castrated animals. One 
must postulate, therefore, that the development of ketosis is asso- 
ciated with a stimulation of the anterior lobe by products of the 
reproductive glands, rather than the reverse. The factor which 
causes this stimulation must be some other than theelin. 


SUMMARY 


The injection of a neutralized alkaline extract of the anterior 
lobe of the pituitary gland into fasting rats receiving sodium ace- 
toacetate daily increased the excretion of total acetone bodies. 
As marked a response was obtained with males as with females and 
with castrated animals as with normal ones. 

The injection of similar extracts into fasting rats which were 
receiving sodium chloride solution resulted in a marked augmenta- 
tion in ketonuria. With the extract made from steers, the re- 
sponse was practically quantitative. The daily injection for 4 
days was followed by a continued gradual rise in level of acetonuria, 
which indicates that the effect is not due to a flushing out of keto- 
genic material. 

The administration of small amounts of sugar to rats receiving 
pituitary extracts resulted in a complete suppression of the acetone 
body excretion. 

The high ketonuria of fasting during pregnancy has been con- 
firmed in one experiment. 

Phyon has been shown to be very powerful in stimulating ace- 
tonuria, while antuitrin 8 is completely ineffective. 
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THE AMOUNT OF WATER STORED WITH GLYCOGEN 
IN THE LIVER 


By EATON M. MacKAY anp H. C. BERGMAN 
(From the Scripps Metabolic Clinic, La Jolla, California) 


(Received for publication, December 15, 1933) 


Bridge and Bridges (1) have challenged the old idea that 3 gm. 
of water are stored with each gm. of glycogen in the liver and con- 
clude that there is no relation between the storage of these sub- 
stances. We have interpreted their data and figures of our own 
(2) to indicate that there is water storage with glycogen in the liver. 
An answer by these authors (3) to our criticism of their interpreta- 
tion of their own and our data now finds them more in agreement 
with this conclusion, but they maintain “. . . that, from the data 
available, it is unjustifiable to define an exact mathematical rela- 
tionship between the storage of glycogen and water in the liver 
...” With this view we are in full accord. We concluded, “. . . 
in the absence of more adequate knowledge of the water content 
of the glycogen-free liver we are unable to determine definitely the 
amount of water stored with glycogen...” An attempt has now 
been made to determine the mathematical relationship between 
glycogen and water storage in the liver and the relation of this 
ratio to the non-carbohydrate solids to water ratio in the liver. 
Bridge and Bridges (1) and ourselves (2) used rabbits as the experi- 
mental animal. For many reasons the rabbit is not a good experi- 
mental subject for such a study. The liver is frequently abnormal, 
and the pathology may not be obvious on gross examination. It 
is not possible to give them a concentrated diet and consequently 
abnormal procedures have to be resorted to for obtaining high 
glycogen concentrations in the liver. The albino rat overcomes 
both of these objections. Puckett and Wiley (4) have made water 
and glycogen determinations upon a few rats but their results are 
hardly more regular than those found with the rabbit. 
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EXPERIMENTAL 


Every attempt was made to maintain uniform experimental 
conditions. All of the rats were fasted for 48 hours, as it has been 
shown (5) that the cyclic activity of the liver is practically abol- 
ished by this time. In Experiments | and 2 there were five rats in 
each group. Those in Experiment 1 were 120 day-old males. 
Group 1 was killed at the end of the fasting period. The remain- 
ing groups were given moist glucose to eat. Group 2 was killed in 
6 hours. At this time the rats in Groups 3 and 4 were each given 
6 ce. of 80 per cent glucose. Group 3 was killed 3 hours later and 


TABLE 
Amount of Water Accompanying Glycogen Storage in Liver 
= Liver Qs 
a 
gm. | 19! | ent | am. | om.) gm. | gm 


Experiment 1, | 1 | 5 | 190) 22/3 .38)0.017 
male rats 2 | 5 | 189) 373)/6.41/68.6)3.82/4.38/0.245|1.00/0.228) 4.36 
3 | 5 | 186) 3.62 
4 | 5 | 187| 371/7.94/68.8/7.03|5.46/0.558/2.08)/0. 541) 3.84 
Experiment 2, | 1 | 5 | 133) 296/3.81/70.9/0. 16)/2.70/0.006 
female rats 2 | 5 | 138) 304/4.86'70.9\4.69'3.440.228,0.74/0.222) 3.36 
3 | 5 | 136) 3.97 
4 | 5 | 138) 304/6.53/70.1/7.52/4.58,0.492)1.88/0.486|) 3.87 
5 | 5 | 138) 304/6.79/71.1)8.45)4.83)0.574|2.73/0.568) 3.75 


Group 4, 6 hours later. Experiment 2 was carried out on 120 
day-old female rats. Group | was killed at the end of the fasting 
period. The rest received a fructose paste ad libitum. The 
groups were then examined at the end of 3, 6, 9, and 12 hours, 
respectively. 

From Table I it is seen that a large amount of water was stored 
with the liver glycogen in both experiments. In Experiment 1 
this averaged 3.9 gm. and in Experiment 2 there were 3.7 gm. of 
water per gm. of glycogen. Under our particular conditions then, 
designed to alter solely the glycogen content of the liver, there is 
an average of 3.8 gm. of water stored with each gm. of glycogen in 
the liver. 
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In order to obtain some idea of the storage of water in the liver 
with the deposition of fat and protein, Experiment 3 was carried 
out. Groups composed of seven male rats 135 days old were 
fasted as before. One group was then killed, a second allowed 
access to lard for 10 hours and killed, and the third given a casein 
paste containing a small amount of yeast during the 10 hour period 
before killing. The results are presented in Table II. All body 
weight figures in this and the other experiments were determined 
at the end of the fasting period. In Experiments 1 and 2 the aver- 
age body size of the rats of each group was so nearly the same that 
no correction was necessary. In Experiment 3 this is not the case, 
and the increases in liver constituents have been corrected for body 
size. 

TaBLeE II 
Influence of Fat and Protein Deposition in Liver on Water Storage. Experiment 3 


by z 2 z (Concentration in liver Amount in liver per rat Increase in liver per rat* 

Fasted | 7 1683455.3572.00.293.0122.03.850.0150. 1611.17, 


Protein- 
fed | 7 185 3697. 1 31. 831. 7221. 75.170.1310.1231. 56 0. 99 0.1 


* Adjusted to the body surface basis of the fasted group. 


Pat-fed | 7 1763565. 6469. 20.157.7520.93.900.0080.4361. 18 om 07 —0. 


Table II shows that fat deposition in the liver is not accom- 
panied by water storage. Protein feeding produced an increase in 
the liver water but there was also some glycogen deposited. On 
the basis of 3.8 gm. of water per gm. of glycogen, the glycogen in 
the livers of the protein-fed rats would account for 0.41 gm. of 
liver water per rat, leaving 0.58 gm. due to the 0.29 gm. of protein 
or 2.0 gm. of water with each gm. of liver protein. 

Higgins et al. (5) in their study of the cyclic activity of the liver 
noted simultaneous variation of the water, glycogen, and protein. 
During their first 24 hour period of observation there was an aver- 
age of 0.12 gm. of protein equal to 0.24 gm. of water stored in the 
liver. This leaves 0.58 gm. of water for 0.22 gm. of glycogen, or 
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2.65 gm. of water per gm. of glycogen under the varying conditions 
of their experiment. 

The technical methods used in this study have been noted else- 
where (2). The figures for fat given in Table II represent material 
extractable from dried liver with hot benzene. The figures for 
protein are the total nitrogen determined by the Kjeldahl method 
and multiplied by the factor 6.38. 


SUMMARY 


Under special conditions designed to rule out factors other than 
those associated with glycogen deposition in the liver from sugar 
feeding, a remarkably constant amount of water is stored with the 
glycogen. 

In young albino rats, on the average 3.8 gm. of water are stored 
with each gm. of glycogen. 

There is no measurable amount of water stored with fat in the 
liver. 

Water is stored when protein is deposited in the liver. After 
casein feeding, about 2 gm. of water were stored with each gm. of 
protein. 
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THE PROPIONIC ACID BACTERIA 
ON THE MECHANISM OF GLUCOSE DISSIMILATION* 
By H. G. WOOD anv C. H. WERKMAN 
(From the Department of Bacteriology, Iowa State College, Ames) 
(Received for publication, December 26, 1933) 


The fundamental investigations of Virtanen (1923, 1925), 
Virtanen and Karstrom (1921), and van Niel (1928) on the 
mechanism of glucose dissimilation by the propionic acid bac- 
teria have led to the proposal that glucose after preliminary 
phosphorylation is converted into 2 molecules of the C; type. 
Virtanen upon theoretical considerations concludes that lactic 
acid is an intermediate product of the fermentation. This in- 
vestigator also accepts a secondary splitting of the glucose into 
C, and C, compounds. This step does not involve phosphoryla- 
tion. Van Niel, however, proposes that 1 molecule of methyl- 
glyoxal, formed by the sugar cleavage, is oxidized through pyruvic 
acid to acetic acid and COs, while 2 molecules of methylglyoxal 
are reduced to propionic acid. Neither the lactic acid nor methyl- 
glyoxal was demonstrated in fermentations by these investigators. 
Foote, Fred, and Peterson (1930), however, have reported the 
production of lactic acid from glucose by one culture of a con- 
siderable number studied. 

Although no marked disagreement has arisen concerning the 
mechanism of the formation of propionic acid, acetic acid, and 
CO,, there is little agreement as to the method of formation of the 
succinic acid which is produced in the propionic acid fermentation. 
Virtanen first noted the production of succinic acid in glucose 
fermentations and suggested that it was formed by a 2- and 4- 
carbon cleavage of the glucose molecule to succinic acid and 
acetaldehyde. On the other hand van Niel believes that the 


* Supported by a grant from Industrial Science Research funds of Iowa 
State College, as a part of the program for the study of the utilization of 
wastes by fermentation. 
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succinic acid arises by the reduction of compounds such as aspartic 
acid present in the yeast water or other necessary complex nitrog- 
enous substances of the medium. Virtanen, as well as Foote, 
Fred, and Peterson, have offered experimental evidence support- 
ing the origin of the succinic acid from the sugar. 

The schemes proposed by Virtanen and van Niel require that 
the molecular ratio of propionic acid to acetic acid be 2:1 and 
that acetic acid and carbon dioxide be in a ratio of 1:1. The 
ratios established experimentally are found to agree closely with 
these values. Van Niel, however, has reported fermentations 
in which the ratios of propionic acid to acetic acid were consider- 
ably greater than 2. This increased yield of reduced products is 
explained by assuming a hydrogen donation by compounds 
occurring in the yeast water. 

Regarding the formation of succinic acid, there are certain 
details lacking in the investigations of both Virtanen and van Niel 
which leave their experiments inconclusive. The identification 
of the end-product, acetaldehyde, proposed by Virtanen has not 
been reported in the literature. 

The procedure employed by previous investigators in studying 
the propionic acid fermentation has been to allow the fermentation 
to proceed to completion before analysis of the fermented medium. 
All conclusions concerning the mechanism of the fermentation 
were drawn from the quantitative relationships of the end-prod- 
ucts. It seemed possible that by conducting analyses at intervals 
throughout the course of single fermentations, more accurate 
conclusions could be drawn as to the mechanism of the sugar 
breakdown. The possibility of detecting intermediate products 


also suggested itself. 
Methods 


Fermentation 1—The medium consisted of 1.5 per cent NaHCO;, 
2.0 per cent c.p. glucose, and 0.5 per cent Bacto-Yeast extract. 
Incubation was at 30°. The fermentation was kept anaerobic 
by continuously bubbling oxygen-free nitrogen through the 
medium. The inoculum consisted of a 6 day culture of Propioni- 
bacterium arabinosum grown in the medium described above. 
This strain was the same as that used and described by Werkman 
and Brown (1933). The inoculum was equivalent to 5 per cent 
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of the medium by volume. 6 liters of medium were fermented 
in a 6 liter flask. The yeast extract, NaHCO;, and glucose were 
sterilized separately and mixed at the time of inoculation. Sterile 
NaHCO; was prepared by autoclaving and then reconverting the 
carbonate to the bicarbonate by passing CO, through the solution 
until it was colorless to phenolphthalein. 

Methods of Analysis—The fermented medium was analyzed 
for carbon dioxide, propionic and acetic acids, reducing sugar, 
lactic acid, and succinic acid at intervals throughout the course 
of the experiment. The CO, liberated during fermentation, as 
well as the residual CO, of the medium, wasdetermined gravimetric- 
ally in Bowen potash bulbs. The volatile acids were determined 
by the method of Osburn, Wood, and Werkman (1933). Non- 
volatile acids were extracted with ethyl ether from the residue of 
the steam distillation. The lactic acid was determined by the 
method of Friedemann and Kendall (1929), the succinic acid 
by the method of Grey (1917). Sugar determinations were 
made according to the procedure of Munsen and Walker (1906). 
Aliquots of the fermented medium were removed for analysis 
through a delivery tube under nitrogen pressure. Blank deter- 
minations upon the medium immediately after inoculation were 
made and corrections applied to all subsequent analyses. Quali- 
tative tests for neutral volatile products were made on fractions 
obtained by neutral distillation. The ether extracts of the steam 
distillation residues were tested qualitatively for the presence of 
compounds containing the carbonyl group by precipitation with 
2,4-dinitrophenylhydrazine. Microscopic examinations by the 
Gram stain and observation of colony formation on plates and in 
shake tubes were made to confirm purity of the culture. 

Fermentation 2—The data in Table II were obtained from a 
12 liter fermentation (1.5 per cent NaHCOs, 1.6 per cent c.p. 
glucose, and 0.5 per cent yeast extract). The analytical procedure 
was the same as in Fermentation 1 with the exception that deter- 
minations were made for non-reducing carbohydrates by hydro- 
lyzing the fermentation mixture with boiling 10 per cent HCl for 
2} hours, and determining the increase in reducing sugars. The 
total carbon in the respective fractions separated for analysis 
was determined by the method of Osburn and Werkman (1932). 
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EXPERIMENTAL 


Experimental results are shown in Tables I and II. In hoth 
tables the results are calculated upon the basis of mm per liter of 
fermented medium. The analyses showed that there were 
formed in these fermentations no detectable amounts of lactic 
acid, formic acid, and neutral volatile products. The ether 
extracts of the steam distillation residues when treated with 2,4- 
dinitrophenylhydrazine gave, however, rather large quantities 
of precipitate in the early analyses. The amount of precipitate 
decreased as the fermentation proceeded and no precipitate was 
obtained after the sugar disappeared. 

In Fermentation 1 the pH of the uninoculated medium was 8.2; 
at the time of first analysis (2.5 days) it had dropped to 7.2, 
where it remained buffered until near the end of the fermentation, 
and then dropped to 5.5. 

Experimental difficulties in Fermentation 2 prevented accurate 
determination of CO,. It is apparent from the results obtained 
in this laboratory as well as those of other workers, that the acetic 
acid and CO, are produced in equivalent molar concentrations. 

Accurate determination of succinic acid was prevented in this 
fermentation by accident; however, the yield was low. 

The total carbon determinations of Fermentation 2 showed 
that there were only traces of carbon compounds in the neutral 
distillates, and that the total carbon of the steam distillates agreed 
with the values obtained by calculation from the volatile acid 
determinations. 
DISCUSSION 


The data in Table I indicate that at the time sugar was no 
longer present in the medium only 90 per cent of the carbon was 
accounted for by the products determined. The fermentation 
did not stop, however, but continued with the formation of the 
usual products giving a final carbon recovery of 98.7 per cent. 
These results support the suggestion of the intermediate forma- 
tion of a reserve food material not lending itself to determination 
by the methods employed. This suggestion was substantiated 
by the data in Table II, showing the presence of a non-reducing 
compound in the medium. No attempt has been made as yet to 
isolate and identify this compound. It has been assumed for the 
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sake of calculations to be a polymer of a 6-carbon sugar. It is 
apparent that there was an increase in the non-reducing material 


TABLE | 
Fermentation of Glucose by Propionibacterium arabinosum. Fermentation 1 


C re- 
Quantities produced 


as 
volatile 


Acetic 
acid CO: 


20.9) 8. 
27.3) 12.6 | 12,7 
.3} 46.0 
83.2} 59.0) 24.2 | 27.5 
117.5} 83.2) 34.3 | 37.0 
161.6} 114.3) 47.3 | 43.2 
191.2) 135.2) 56.0 | 56.0 
215.3) 151.9) 63.1 


SSS 


* This calculation is based upon the production of CO, and acetic acid 
in equal molar concentrations. 


IT 
Fermentation of Glucose by Propionibacterium arabinosum. Fermentation 2 


Quantities produced C recov- 

i ered as 

pro- 

‘on- ac 

|reducin, to ids CO:* 

materi i and non- 
as i jreducing 

glucose material 


10 
13 


* This calculation is based upon the production of CO, and acetic acid in 
equal molar concentration. 


as long as unfermented glucose remained present in the medium. 
When the glucose was completely utilized, there was a decrease 


| 
Time of Glucose pionie covered Glucose 
analy) mented | | | | | mented 
| acid acid acid acid ucts =~ 
days mM mM mM mM mM per cent|per cent|per cent 
2.5 None} 2.52 | 77.2*| 77.2*| 16.4 
| 3.5 | “ | 2.16 | 67.6 | 67.6 | 25.4 
4.5 2.38 | 81.2*| 81.2% 35.0 
5.5 “ | 2.44 | 79.9|-79.9| 45.8 
7.5 2.5 | 2.43 | 86.5 | 84.2] 61.1 
9.5 2.9 | 2.42 | 86.7 | 84.8] 82.4 
11.5 | 5.8 88.9 | 85.4 | 97.2 
14.5 9.2 | 2.41 | 98.7* 93.5*| 100.0 
Time of Glucose Glucose 
| | Tot | 
acid 
days mM mM mM mM mM per cent | per cent | per cent | 
3 36.9 50.8 | 37.2) 13.6 2.73 | 68.8 42.4 
5 54.9 88.5 | 61.9) 26.6| 4.1 2.33 | 80.6 | 86.7 63.2 
6 68.2 | 109.9 | 77.5) 32.4 5.3 2.39 | 80.5 | 88.4 78.4 
8 85.0 | 135.6 | 96.9) 38.7 7.8 2.52 | 79.8 | 89.0 97.7 
| 87.0 | 152.6 | 107.4) 45.2 1.7 2.38 | 87.7 | 89.9 | 100.0 ; 
87.0 | 156.5 | 109.5) 47.0 | Trace} 2.33 | 90.0 | 90.0 | 100.0 
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in the non-reducing material occurring simultaneously with the 
increase in carbon recovery as volatile acids and CO,. Since the 
original medium gave no increase in reducing materials after 
hydrolysis, it is apparent that this substance was produced by 
the fermentation. 

The ability of the propionic acid bacteria to synthesize a non- 
reducing compound from a monosaccharide is a feature of their 
metabolism which has not been pointed out previously. It is 
quite possible that the synthesis of this product is a very important 
phase in the metabolism of these organisms. The non-reducing 
compound may be, of course, of no direct importance, for example 
serving as a reserve material for the bacteria. It is possible, 
however, that this compound forms an indispensable part of the 
fermentation as a predecessor of final products of dissimilation. 
Indeed, in the propionic acid dissimilation of diverse compounds 
there first may be a synthesis to a non-reducing compound which 
is common to the propionic fermentation. This non-reducing 
compound may in turn be fermented to volatile acids, CO,, and 
succinic acid. 

In close relation to this speculation are some suggestions by 
Virtanen and Karstrom (1931). In fermentations of pyruvic 
acid by propionic acid organisms these investigators have found 
succinic acid as one of the end-products. They suggest that the 
pyruvic acid is first synthesized to a hexose molecule which is in 
turn broken down by a 2- and 4-carbon cleavage to succinic acid 
and a 2-carbon compound. In view of the results reported here, 
the synthesis may be to a form more complex than the 6-carbon 
chain postulated by Virtanen and Karstrom. 

Analyses of washed cells of the fermentation disclosed that a 
portion of the non-reducing material was present in the cells or 
had been included with them in the form of an insoluble precipi- 
tate. However, the largest portion of the non-reducing material 
was water-soluble. 

The production of a non-reducing material has been noted in 
subsequent fermentations by other species of Propionibactertum. 
This formation of non-reducing material may be a property 
characteristic of the entire genus. 

An observation made during preliminary experiments, carried 
out to determine the most suitable concentration of sodium 
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bicarbonate, is of interest. In media containing sodium bicar- 
bonate in concentrations sufficiently high (approximately 3.0 
per cent) to be unfavorable for growth, a marked formation of 
zooglea, or slimy masses of bacteria, was observed. The con- 
sistency of the growth was such that it could be removed from 
the medium on an inoculating needle in long stringy masses. 
These propionic acid cultures were established as pure, and when 
transferred to a favorable medium gave normal growth. The 
production of slime suggests that synthesis has occurred. In 
view of the results reported here it is possible that the slime is a 
form of the non-reducing compound found in these experiments. 

Van Niel established experimentally that for each mole of 
glucose fermented 2 moles of volatile acids were formed, in agree- 
ment with his scheme of fermentation. Our results do not fulfil 
the requirements of this scheme, particularly in the early phases 
of the experiments. The observed formation of a non-reducing 
compound explains this discrepancy. It is impossible to obtain 
his results when carbon of the sugar fermented is utilized in the 
production of compounds other than propionic acid, acetic acid, 
and CO,. At the conclusion of fermentation after the non- 
reducing compound is completely utilized, the requirement of van 
Niel’s scheme is approached, but is not met, indicating that some 
carbon of the sugar fermented was present in an undetermined 
form, probably succinic acid. 

These results indicate that the schemes thus far proposed to 
show the mechanism of the propionic fermentation of glucose are 
incomplete. The production of a non-reducing compound is a 
characteristic of the metabolism which should be indicated in the 
propionic acid dissimilation of glucose. 

In Fermentation 1, the quantities of CO, and acetic acid were 
found in approximately equal molar concentrations during the 
course of the dissimilation. This agrees with the experimental 
results found by other investigators and indicates that this phase 
of the sugar breakdown is constant throughout the fermentation. 

Since the recovery of the carbon of the sugar fermented was not 
greater than 100 per cent when succinic acid was included as a 
product of fermentation, it is not necessary to assume that succinic 
acid came from the yeast extract as proposed by van Niel. All tests 
for acetaldehyde were negative so that support of the proposed 
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scheme of Virtanen was not obtained by this method. It is 
possible that, if acetaldehyde were produced, it would be converted 
into some compound less reactive. Acetyl methyl carbinol, 2,3- 
butylene glycol, butyric acid or butyl alcohol, which have been 
reported as condensation products, were not found present. 
Likewise the reduction product, ethyl alcohol, was not formed. 

Foote, Fred, and Peterson, and also Virtanen have offered 
experimental evidence supporting oxidation of the acetaldehyde 
to acetic acid. Virtanen (1925) through the use of concentrated 
masses of resting propionic acid bacteria in the presence of toluene 
has obtained succinic and acetic acids from glucose in equal molar 
concentrations. Virtanen does not account for the failure of the 
living bacteria to oxidize the acetaldehyde to acetic acid. The 
formation of propionic acid, acetic acid, and CO, through the 
3-carbon breakdown was retarded by the toluene. 

It is evident that the production of acetic acid from acetaldehyde 
originating from a 2- and 4-carbon cleavage of the glucose will 
not give rise to a simultaneous production of CO,. Opportunity 
is thus presented of testing this point. If the determined molecu- 
lar ratio of acetic acid to CO, is greater than 1, a second source of 
acetic acid may be assumed; if the ratio is 1, such an assumption 
is invalid. This experiment does not support the theory of the 
origin of acetic acid from acetaldehyde formed simultaneously 
with succinic acid. 

The ratios of propionic acid to acetic acid were quite constant, 
and greater than 2.0, during the entire course of the fermentations. 
Since the theoretical value is 2.0 (less than 2.0 if the acetaldehyde, 
produced along with succinic acid, is oxidized to acetic acid), it is 
apparent that the amount of reduced products obtained is actually 
greater than that possible by the suggested schemes of dissimila- 
tion. In view of the large amount of experimental evidence 
supporting biological oxidation and reduction by hydrogen trans- 
fer, it is reasonable to explain the excess of reduced products by a 
donation of hydrogen from compounds of the yeast water as 
previously suggested by van Niel. 

Since the ratio of propionic acid to acetic acid was approximately 
constant, it is evident that this hydrogen donation continued 
throughout the fermentation at a uniform rate. 

A fact of interest is that the data obtained during active fer- 
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mentation when plotted against time or against millimoles of sugar 
utilized give straight line functions. It is apparent that under the 
conditions of these experiments the rate of sugar utilization and 
the rate of formation of products are constant. The quantities 
of products formed in millimoles are a linear function of the milli- 
moles of glucose fermented. 

The results of the qualitative test with 2,4-dinitrophenyl- 
hydrazine on the ether extracts of the steam distillation residues 
indicate that a non-volatile, ether-soluble compound containing 
a carbonyl group was present in these fermentations as long as the 
sugar dissimilation continued. Since an ether extract of Bacto- 
Yeast extract or glucose does not give a precipitate with 2,4- 
dinitrophenylhydrazine, the precipitated compound must be the 
result of the fermentation. This compound has been noted also 
in fermentation with other species of propionic acid bacteria. 
Simon and Neuberg (1931) have described a method for the 
determination of pyruvic acid, acetaldehyde, and methylglyoxal 
by the use of 2,4-dinitrophenylhydrazine. The 2,4-dinitro- 
phenylhydrazine precipitate was found to have properties which 
distinguished it from precipitates of the above compounds. The 
detection of such a compound in the propionic acid fermentation 
has not been previously reported in the literature. 

It is reasonable to accept this as an intermediate compound 
in the sugar breakdown. A better understanding of the mecha- 
nism of the propionic acid fermentation may be obtained when 
this compound is identified. 


SUMMARY 


An investigation has been made of the dissimilation of glucose 
by Propionibacterium arabinosum through repeated analyses 
during the course of the fermentation. This method of study 
has led to observations which support the following conclusions 
concerning the propionic acid fermentation. 

1. A non-volatile, ether-soluble, compound containing a car- 
bonyl group is produced during the dissimilation of glucose by 
Propionibacterium arabinosum. 

2. The fermentation of glucose by Propionibacterium arabinosum 
yields a non-reducing compound. After the glucose is no longer 
present in the medium the fermentation continues with the con- 
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version of this compound into propionic and acetic acids, COs, 
and possibly succinic acid. 

3. Experimental results are presented which indicate that a 
donation of hydrogen by compounds of the yeast water occurs in 
propionic acid fermentations, as originally proposed by van Niel. 

4. Proposed schemes of the propionic acid fermentation are 
shown to be incomplete. 
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THE OCCURRENCE AND SECRETION MECHANISM OF 
CETYL ALCOHOL IN THE ANIMAL ORGANISM* 


_ By RUDOLF SCHOENHEIMER ann GUENTER HILGETAG 
(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 

(Received for publication, February 3, 1934) 


During the course of investigations concerned with the isolation 
of biological breakdown products of cholesterol in the feces, con- 
siderable amounts of cetyl alcohol were found, confirming the 
earlier observations of Gardner (1). From these results it could 
not be determined whether it originated in the food, or is a product 
of bacterial metabolism, or whether we were dealing with a product 
of endogenous metabolism which is secreted into the intestine 
with other lipids (2). 

Since Macht (3) has recently shown that cetyl alcohol exerts 
a strong purgative action on animals, our earlier experiments were 
continued, special emphasis being placed on the metabolism. 
The isolation was accomplished by high vacuum distillation of the 
non-saponifiable fraction. For purposes of identification phenyl- 
urethanes were prepared, since they are easily purified and have 
characteristic melting points. 

By this method cetyl alcohol could be isolated from human 
feces under different dietary conditions as well as from the feces 
of dogs and cats. The same results were obtained with the feces 
of bile fistula dogs fed on a fat-free diet. The non-saponifiable 
fraction of dog feces obtained by Sperry during a study (2) of the 
excretion of lipids through the intestine was employed.' The 
cetyl alcohol found in this material could not have been secreted 
in the bile. 


* This work was aided by a grant from the Josiah Macy, Jr., Foundation. 
The preliminary work was carried out in collaboration with Dr. Hilgetag 
in the Chemical Department, Institute of Pathology, Freiburg. 
1 The authors express their gratitude to Dr. Sperry for supplying them 
with this material. 
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That cetyl alcohol is secreted, together with the fecal sterols, 
through the intestinal wall into the lumen is demonstrated by the 
fact that it was also found in operatively prepared, sterile intes- 
tinal cysts in which the intestinal secretion is concentrated. 
Furthermore, cetyl alcohol could be isolated from meconium, the 
sterile, first stool of new born infants. 


EXPERIMENTAL 


Preparation of Cetyl and Octadecyl Phenylurethanes— 2 gm. of 
cetyl alcohol were heated under a reflux for 20 minutes with dry 
benzene and an excess of phenyl isocyanate. The benzene and 
phenyl isocyanate were removed under reduced pressure and the 
residue recrystallized from aqueous ethyl alcohol. M.p. 71°. 


Analysis—C.3;H3,0.N. Calculated (mol. wt. 361). N 3.87 
Found. 6.820 mg. gave 0.233 ec. Nz (at 25°, 


754 mm.). N 3.88 


Octadecyl phenylurethane similarly prepared had a melting 
point of 79°. 
Analysis—C.;HyO.N. Calculated (mol. wt. 387). N 3.60 
Found. 5.595 mg. gave 0.173 ce. N»2 (at 20°, 
764 mm.). N 3.62 


This substance is somewhat less soluble in alcohol and may be 
recrystallized more satisfactorily from 96 per cent ethyl alcohol. 

Isolation of Cetyl Alcohol from Feces—The feces of a human 
subject on a diet mainly of animal origin were collected during 
30 days, rubbed up with Na,SO,, and extracted with ether. The 
non-saponifiable fraction was prepared by the usual methods and 
sterols were removed, partly by crystallization from methyl 
alcohol and partly with digitonin. The sterol-free fraction was 
distilled in a high vacuum at 100° and 0.01 mm. of Hg. The 
distillate was a colorless oil which crystallized on being cooled 
with running water. The substance was treated with phenyl 
isocyanate as in the preparation of cetyl phenylurethane and the 
product recrystallized from dilute alcohol. M.p. 71°. This 
substance contained 3.80 per cent N and showed no melting point 
depression with synthetic cetyl phenylurethane. 

Similar experiments were carried out on three other humans 
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kept on a normal diet. Urethanes with a melting point of 71° 
and N content of 3.65 to 3.87 per cent could always be isolated. 
The feces of a patient with atrophic liver cirrhosis also yielded this 
substance. The patient died shortly thereafter and the autopsy 
findings confirmed the clinical diagnosis. 

The urethanes from cat and dog feces possess identical 
properties. 

Isolation of Cetyl Alcohol from Feces of Dogs with Bile-Duct 
Fistulas on a Fat-Free Diet—The previous treatment of the dogs 
has already been described in detail by Sperry. The separation 
of the sterols and their study will be described in collaboration 
with Sperry in a forthcoming publication. The non-saponifiable 
fraction yielded 2 gm. of urethane with a melting point of 70°. 
This could be separated by fractional crystallization into a main 
fraction of cetyl phenylurethane and a small amount (6 mg.) of 
octadecyl phenylurethane. The latter contained 3.55 per cent N 
and had a melting point of 78.5°, which was not depressed by 
mixture with the synthetic octadecyl phenylurethanes. 

Isolation of Cetyl Alcohol from Intestinal Tissue—Three intes- 
tines of humans who had all died accidentally were used. 
The intestinal walls were washed with warm water for an hour 
to remove the adherent fecal matter. 65 mg. of pure cetyl 
phenylurethane were obtained. 

Isolation of Cetyl Alcohol from Meconium—The first stools of 
ten new born infants were collected.2 The greater part of the 
sterols was removed by crystallization from methyl alcohol. 
12 mg. of pure urethane were obtained. The amount of cetyl 
alcohol in meconium seems to be smaller than that in the feces of 
adults. 

Isolation of Cetyl Alcohol from Sterile Intestinal Cysts—The non- 
saponifiable material from sterile cysts of the large and small 
intestine of dogs was studied. The operative procedure by which 
these cysts were established has already been described in detail 
(4, 5). These cysts were allowed to remain for several months 
after the operation. They became filled with a thick, transparent, 
light yellow material which derived from secreted intestinal juice. 
The non-saponifiable matter from this material was prepared 


2 We are indebted to Dr. B. P. Watson for this material. 
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by us several years ago and kept in evacuated, sealed tubes. 
The presence of cholesterol and especially dihydrocholesterol was 
previously demonstrated in this unsaponifiable fraction. Con- 
siderable amounts of cetyl alcohol have now been isolated from the 
same fraction from cysts of both the small and large intestine. 


DISCUSSION 


The cetyl alcohol in the feces does not originate in the food, 
nor is it formed by intestinal bacteria. It certainly does not 
enter the intestine via the bile, since its presence can be demon- 
strated in dogs with bile-duct fistulas. The evidence that it is 
secreted through the intestinal wall itself is conclusive, since it 
can be found in sterile intestinal cysts. The metabolism of this 
alcohol seems therefore to be very similar to the metabolism of 
cholesterol, since both substances are secreted through the in- 
testinal wall and can be found in intestinal fistulas and sterile 
intestinal cysts. Cetyl alcohol shows other similarities to choles- 
terol, and it is not unlikely that they bear a closer relationship 
to one another in metabolic processes than has been suspected. 
In both cases we are dealing with relatively easily resorbable 
alcohols of high molecular weight and similar solubilities. (For 
the resorbability of cetyl alcohol see Channon and Collison (6) 
and Mancke (7).) It is possible that cetyl alcohol is absorbed 
by the same mechanism as that studied in the case of cholesterol. 
The ease of resorption of both substances suggests that the 
amounts found in the feces constitute only a fraction of the original 
amount secreted into the upper part of the intestinal lumen. 
The greater part may have been reabsorbed. Cholesterol is 

.found in the feces almost exclusively in the form of unresorbable 
(8) transformation products (coprosterol and dihydrocholesterol), 
which, once in the lumen, cannot be taken up by the body again. 
The amount of cetyl alcohol daily secreted into the lumen of the 
intestine must therefore be considerable, and that which can be 
isolated from the feces constitutes only a small part of it. 

The question of the precursors of cetyl alcohol cannot yet be 
answered. If it were formed from palmitic acid by reduction, 
one would also expect to find the compound derived from stearic 
acid, namely octadecyl alcohol, in larger amounts. However, the 
latter was found only once in minute amounts in the feces of dogs 
with bile-duct fistulas. 
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Since the purgative action of this alcohol has already been 
demonstrated in pharmacological experiments by Macht, it might, 
in the light of our work, be a purgative prepared by the body 
and secreted through the intestinal wall. In this regard it is 
interesting to note that octadecyl alcohol, which we could only 
find in traces, was shown by Macht to be considerably less active. 
Experiments on the occurrence of these substances in various 
organs and further experiments on their purgative action are in 
progress. 


SUMMARY 


1. Cetyl alcohol can be isolated from the feces of humans, dogs, 
and cats. Octadecyl alcohol was found only once, and in traces. 

2. Cetyl alcohol was further demonstrated in human intestinal 
walls, in meconium, in the feces of bile fistula dogs maintained 
on a fat-free diet, and in operatively prepared, sterile cysts of the 
large and small intestine. 

3. Cetyl alcohol originates in the body and is secreted through 
the intestinal mucosa into the lumen, just as is cholesterol, and 
may constitute an endogenous purgative. 
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OXIDATION-REDUCTION POTENTIALS OF ASCORBIC 
ACID 


By J. 8. FRUTON* 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, February 5, 1934) 


Green (1), in studying the potentials of ascorbic acid by means 
of metallic electrodes, found that the potential was independent 
of the concentration of either of the reactants and merely a func- 
tion of the pH; 7.e., the system did not fulfil the thermodynamic 
conditions for reversibility. The contradictory evidence obtained 
by other workers (2, 3) using metallic electrodes made the sig- 
nificance of all these results extremely uncertain. In a study,' 
in progress in this laboratory, of the potentials in sulfhydryl- 
disulfide systems in which a similar situation exists, a method of 
determining the potentials which obviated the employment of 
metallic electrodes was adopted. This approach, involving the 
use of oxidation-reduction indicators of known potentials, has 
been employed by Quastel and Whetham (4) in their studies on 
the succinic acid-dehydrogenase-fumaric acid system, and by 
Conant (5) in the case of the hemoglobin-methemoglobin system. 
In the present experiments the extent of color change was deter- 
mined photometrically. 

This general method can be employed to decide the question 
whether the ascorbic acid system is thermodynamically reversi- 
ble or not. It was found that in the reaction between ascorbic 
acid and certain indicators decolorization of the dye proceeded 
until a stationary value was reached. In order to determine 
whether this value might be considered a true equilibrium, the 
“potential” of the ascorbic acid system was calculated on the 
assumption that thermodynamic reversibility actually did exist. 


* W. J. Gies Fellow in Biological Chemistry, 1932-33. 
1 The results of this work, which is nearly complete, will be reported in 
the near future. 
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Assuming the reaction, ascorbic acid + oxidized dye = dehy- 
droascorbie acid + leuco dye, to be reversible, then 


(De) [Ar] 


ini * 


where D, and D, are the oxidized and reduced forms of the dye, 
and A, and A, are the oxidized and reduced forms of ascorbic acid. 

Since the oxidation and reduction involve the loss or gain of 2 
hydrogen atoms, the characteristic potential depends on the pH 
of the medium. By keeping the pH constant the last term of the 
equation 


By = + in 
nF 


n 


can be merged with the constant Ey to give a new constant FE’, 
which varies only with the pH. 
At equilibrium, the potentials of both partial oxidation-reduc- 
tion systems are the same, and therefore 
(Do 


= EB’, (a) + 0.03 log — 


E’, (d) + 0.03 log iA] 


[A,] Eo (a) Ey (d) 
where E’,(a) and E’)(d) are the characteristic potentials of the 
ascorbic acid and dye systems respectively. Since 2 equivalents 
participate in the reaction, the factor 0.03 must be applied. 
Therefore, if the system is reversible, different indicators will 
give equilibria which, at the same pH, will yield the same potential 
value for the system under investigation. Also, if the ratio of 
concentrations of the reactants is changed, equilibrium relation- 
ships should be disturbed to the extent required by these mass 
law considerations. To complete the proof that these stationary 
values are true equilibria, it is necessary also that the oxidized 
form of the ascorbic acid react with the leuco form of the dye used. 
In suitable concentration ratios equilibria should be obtained 
which give the same potential for the ascorbic acid system as is 
obtained from the reverse reaction. 
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Methods 


For these experiments the principal requisite is the complete 
absence of molecular oxygen from the reaction. To achieve this, 
a modified Thunberg tube was used and the exclusion of O, 
effected by alternately evacuating and filling the tube with pure 
N, and by maintaining a slightly positive pressure of N, during 
the course of the experiment. The nitrogen was passed over Cu 
heated to 650° and the buffer was deaerated, kept under pure Ne, 
and swept with N, before it was added to the vessels under ana- 
erobic conditions. The buffer was introduced after the tube 
containing the dye and the ascorbic acid had been evacuated and 
flushed with N». The total volume of the buffered solution was 


Front View Side View 
Fie. 1. Modified Thunberg tube for photometric measurements 


10 cc. The tube was kept under water in a thermostat regulatéd 
at 25°. 

The shape of the tube (Fig. 1) permitted changes in color 
intensity to be followed quantitatively by means of the Pulfrich 
step photometer, the filter corresponding most closely to the 
maximum absorption of the dye being used. The transmission 
of each tube filled with distilled water had been previously deter- 
mined and the values read on the photometer correspondingly 
corrected. Beer’s law was assumed to hold throughout. 

In the experiments in which the dehydroascorbic acid reacted 
with the leuco dyes, an apparatus was required which permitted 
reduction of the dye and transfer of the leuco form into the reaction 
vessel without oxidation by air. This need was satisfactorily met 
by Kiihnau’s vacuum pipette (6). In these experiments the buffer 
was introduced anaerobically into the tube already containing the 
dehydroascorbic acid and the leuco dye, prepared by reduction 
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with H, in the presence of platinized asbestos, was added last. 
A measure of the efficiency of this method is given by the observa- 
tion that a solution of leuco brilliant alizarin blue changed its 
transmission by only 1.5 per cent when kept under the above 
conditions, without ascorbic acid, for a period of 1 week. 

The ascorbic acid used in these experiments was prepared by 
Dr. Szent-Gyérgyi.? A stock solution was prepared by dissolving 
17.6 mg. in 10 cc. of 0.1 N HCl giving a 0.01 msolution. This was 
kept under nitrogen. 

The solution of oxidized ascorbic acid was prepared by oxidizing 
8.8 mg. of ascorbic acid with the theoretical amount (1.00 cc.) 
of 0.1 N iodine; an equal amount of 0.1 n AgNO; was added, the 
AglI centrifuged off, and the supernatant solution made up to 
25 cc. The concentration of this solution was 0.002 m. 

The dyes employed were recrystallized commercial samples of 
indigotetrasulfonate and indigodisulfonate (7). These were made 
in stock solutions of 0.001 m concentration. For both of these 
indicators Filter S-61 of the step photometer was the most suitable. 
This filter transmits maximally at 620 mp. The tetrasulfonate 
absorbs most strongly at 590 my and the disulfonate at 610 mu, 
as determined by means of the Kénig-Martens spectrophotometer. 
In the case of the former dye the matching of intensities is not 
entirely satisfactory; Filter S-57 (transmitting maximally at 570 
mu) was even less so. However, with practise the colorimetric 
comparison of intensities could be reproduced with a precision of 
0.2 per cent in the transmission value. 

Precautions were taken to prevent the access of light to the dye 
either in the stock solution or in the reaction vessel so as to min- 
imize errors due to photochemical processes. Control experiments 
with indigodisulfonate and brilliant alizarin blue kept very well 
under the conditions used in these studies, showing no measurable 
change in transmission after 2 weeks. The dye solutions were 
made up freshly before each set of experiments. 


Results 


The calculation of the potentials for the ascorbic acid system 
from the equilibrium values obtained with the two dyes yields 


2 The author wishes to express his gratitude to Dr. Szent-Gyérgyi, as 
well as to Dr. L. Kast of the Josiah Macy, Jr., Foundation, who trans- 
mitted the material. 
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results which, for a given pH, were identical within the precision 
of the method. The adherence to the theoretical relationships 
given above is shown also by the independence of the potential 
from changes in the concentration ratios. The data are given in 
Table I. The pH dependence curve is found to follow a 0.06 slope 
between pH 5.5 and 7.5 (Fig. 2). 

The thermodynamic reversibility of the autem is further 
shown by the reaction of dehydroascorbic acid with leucoindigo- 
tetrasulfonate in a concentration ratio of 1:1 at pH 7.30. Here 


TaBLe I 
Potentials of Ascorbic Acid 


Equilibrium 


Time 
re- 


volt 
Indigotetrasulfonate . 
—0.036 
—0.055 
—0.055 
—0.091 
—0.001 
—0.060 
2 : . 140] —0.098 


Indigodisulfonate 


2:1 
5:1 
2:1 
2:1 
10:1 
20:1 
20:1 
10:1 


The dye concentration was 5 X 10-* Mm; the concentration of ascorbic 
acid varied—molarity is implied in the ratios, ascorbic acid to dye; tem- 
perature 25°; phosphate buffers employed. 


the equilibria were attained very rapidly, the final transmissions 
being reached in about 10 minutes. Five such experiments were 
run, but owing to the difficulty in excluding all traces of Oz, the 
reproducibility desired could not be attained. The average of the 
corrected transmissions was 40.5 + 2.3 per cent. From the 
transmission of the oxidized form of the dye the percentages of the 
dye reactants were found to be 33.1 per cent oxidized and 66.9 per 
cent reduced. On calculation from this value the potential of the 
ascorbic acid system at pH 7.30 is found to be —0.078 volt, 
approximately 15 millivolts more positive than that obtained 


{ 
Indicator pH — EB’, (d) | (a) 
Oxi- Re- 
dized 
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from the reverse direction. This difference, which involves no 
serious discrepancy, is probably due to imperfect exclusion of Oo. 

It should be noted that there is a great difference in the rates 
with which equilibrium is reached from opposite sides. The 
influence of catalysts in the reduction of the dyes has not been 
investigated, so that the precise kinetics of the decolorization 
cannot justifiably be calculated. It is clear, however, that the 
reaction proceeds more slowly with decrease in pH. 


Bo 


2 
= 


6 ph 7. 


Fig. 2. Potentials of ascorbic acid. @ = decolorization of indigodi- 
sulfonate; O = decolorization of indigotetrasulfonate; ® = oxidation of 
leucoindigotetrasulfonate. The line shows the theoretical 0.06 slope. 


The reaction between ascorbic acid and indigotetrasulfonate 
was investigated at pH levels above 7.5. Here the equilibria 
obtained were less reproducible and did not accord with the 0.06 
slope fitting the readings in the more acid region. This question 
will be studied further. 


DISCUSSION 


These results are consistent with the qualitative observations 
made by Green on the decolorization of a series of indicators but 
differ sharply from his electrometric findings. The incomplete 
state of our knowledge concerning the details of electrode proc- 
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esses frustrates attempts at interpretation. However, the fact 
that under certain conditions ascorbic acid behaves reversibly 
casts considerable doubt as to whether the electrometric results 
throw light on its réle in biological reactions. 

The growing interest in the réle of oxidation-reduction phe- 
nomena in biological systems makes necessary the development of 
new techniques for the study of potentials as well as reaction 
kinetics in which oxidation-reduction substances take part. It is 
possible that the method outlined above can contribute towards 
filling this need. An attempt is now being made to apply this 
method to extracts of endocrine organs containing reducing 
substances. 


SUMMARY 


1. A method is described for the determination of the oxidation- 
reduction potentials of reversible systems by the use of dyes. 

2. This method when applied to ascorbic acid shows that this 
system behaves reversibly between pH 5.5 and pH 7.5. 

3. The potential of ascorbic acid at pH 7 is —0.081 volt. 

4. The rate of oxidation of leucoindigotetrasulfonate by dehy- 
droascorbic acid is much greater than in the reverse reaction. 


The author wishes to express his gratitude to Dr. H. T. Clarke 
for his guidance and encouragement throughout the course of the 
work. 
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STUDIES ON KETOSIS 


IV. THE COMPARATIVE KETOLYTIC EFFECT OF GALACTOSE, 
GLUCOSE, AND LACTOSE IN RATS * 


By JOSEPH S. BUTTS 
(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 
(Received for publication, January 2, 1934) 


In earlier results reported from this laboratory on human sub- 
jects (1) galactose was found to exhibit a superior ketolytic action 
to that of glucose, fructose, or sucrose. Such differences were 
noted when the ketonuria was produced by a long continued 
protein-fat diet or by a short period of fasting. Subsequently, 
Deuel, MacKay, Jewel, Gulick, and Grunewald (2) showed that 
the glycogen retention in the livers of rats fasted for intervals up 
to 72 hours was actually greater if the previous diet had been high 
in galactose or lactose than if glucose had been the predominating 
sugar in the dietary régime. Higher values in liver glycogen also 
were found in dogs previously fasted for 5 days when galactose 
was given than when glucose was fed. Moreover, in most cases 
the muscle glycogen was found to be higher in the rats previously 
on the galactose diet than it was with those on the glucose diet. 
These results indicated that galactose must be classed as a good 
glycogen former. The superior ketolytic action of this mono- 
saccharide would therefore seem to be associated with a more pro- 
longed glycogen retention than occurs with glucose. 

In view of the fact that the experiments reported in the earlier 
work (1) were necessarily limited in number although quite 
decisive, it seemed desirable to repeat the work on the rat, whereby 
the total number of observations might be greatly increased. 


* The data reported in this paper are from a thesis presented by the 
author in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy in Biochemistry in the Graduate School of the University of 
Southern California. 
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This appeared particularly essential because Goldblatt (3) had 
earlier reported that galactose as well as mannose, lactose, and 
glycerol was not antiketogenic, while glucose, fructose, maltose, 
and sucrose were. Butts and Deuel (4) have shown that an 
apparently physiological ketonuria may be produced in rats by 
the administration twice daily of sodium acetoacetate by stomach 
tube. Such a procedure has been employed in the present work. 


EXPERIMENTAL 


General Procedure 


A satisfactory level of ketonuria was produced by the oral 
administration daily in divided doses of 1.5 mg. of sodium aceto- 
acetate (calculated as acetone) per sq. em. of body surface, as 
employed in our earlier work (4). The technique for the urine 
collection also was similar. In most of the experiments reported 
here, the sodium salt of diacetic acid was prepared by the hydroly- 
sis of ethyl acetoacetate with slightly less than the amount of 4 N 
sodium hydroxide required for complete saponification. After 
the mixture was allowed to stand at room temperature overnight, 
the excess ester was removed with ether, which in turn was driven 
off by aeration. The concentration of the diacetic acid was then 
determined by the usual Van Slyke procedure. 

Rats from our stock colony were used. In the first group of 
experiments reported here, the animals had previously been on 
the stock Diet II (2). These animals were fasted overnight 
previous to beginning administration of the diaceticacid. In 
the case of the tests in which the rate of development of ketonuria 
was compared following diets high in the various sugars, no fasting 
period supervened before the administration of the sodium aceto- 
acetate. The composition of these diets (Diet ITI) was as follows: 


per cent 
Glucose, galactose, or 49 


* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 
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Urinary nitrogen was determined by the Kjeldahl method. 
The Van Slyke procedure was employed for the estimation of 
urinary acetone bodies. Galactose, when present in the urine, 
was determined by the Shaffer-Hartmann technique after the 
precipitation of interfering substances with Lloyd’s reagent. 

Effect of Administration of a Single Dose of Sugar on the Keton- 
uria Produced by Feeding Sodium Acetoacetate—In this series of 
tests, a fairly uniform level of ketonuria was established by the 


TaBLe I 


Urinary Excretion of Total Acetone Bodies and of Nitrogen in Gm. per Sq. 
M. in Fasting Male Rats Receiving 15 Gm. of Sodium Acetoacetate per 
Sq. M. of Body Surface Daily 


- No. of rats Acetone bodies Total N 

fast Group Group 
1 2 3 4 1 2 3 4 1 2 3 4 

1 26 | 15 | 29 | 24 | 3.97) 5.22) 4.49) 3.90) 4.59) 5.07) 4.82) 4.48 
2 26 | 14 | 29 | 23 | 3.15) 5.73) 5.08) 4.24) 4.79) 4.29) 4.33) 4.33 
3* | 24 | 15 | 27 | 20 | 1.04) 1.19) 5.78) 4.83) 3.20) 3.83) 4.10) 4.39 
4 20 | 13 | 21 18 | 2.37) 2.78) 6.24) 5.14) 3.47) 3.39] 3.81) 3.59 
5 12 8 | 22 | 16 | 4.33) 6.97) 5.58) 6.12) 3.70) 3.92) 3. 3.58 
6 6 2] 20 5.59) 3.26) 6.11 3.65) 3.51) 3.4 
7 4 0 | 16 7.49 6.44 3.1 


The rats in Group 1 had been given a diet containing galactose before the 
fasting period; those in Group 2 had been given a diet containing glucose; 
those in Group 3 were the controls; those in Group 4 were the animals in the 
experiments of Grunewald, Cutler, and Deuel (5). 

*2.74 mg. of sugar retained per sq. cm. in addition on this day, except in 
control experiments. 


administration of the standard amount of diacetic acid. In addi- 
tion, on the 3rd day the sugar was administered by stomach tube in 
divided doses. The diacetic acid ingestion was continued on the 
following days until the ketolytic effect of the sugar had subsided. 
In order that a comparison might be made when equal amounts of 
glucose and galactose were retained, the experiments were first 
made with the latter sugar. After the administration of 6 mg. of 
galactose per sq. cm. of body surface, it was found that an average 
of 3.26 mg. per sq. cm. was excreted in the urine. In the sub- 
sequent tests with glucose on other rats, 2.74 mg. (which cor- 
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responded with the amount of galactose retained) were admin- 
istered after a similar fore period of sodium acetoacetate admin- 
istration. The data which were obtained are included in Table I. 

Although the actual drop in the level of ketonuria is greater for 
the animals receiving glucose than for those receiving galactose 
because of the unusually high value for the acetone bodies on the 
pre-sugar day in the former case, the actual output of acetone 
bodies remains definitely lower for the rats with galactose in the 
diet. Even on the 3rd day after the sugar was fed the average for 
the twelve galactose-fed rats was 4.33 gm., while that of eight 
controls receiving glucose amounted to 6.97 gm. The low value 
for the glucose-fed animals on the 4th day after sugar feeding is 
not significant inasmuch as it represents the mean of the only two 
animals which had not developed an extensive ketosis. The 
remaining rats in which the ketosis had been much more marked 
had died before this time. 

On the other hand, the extent of the lowering of the urinary 
nitrogen is much more marked in the galactose experiments. 
Thus, there was a drop from 4.79 to 3.20 gm. per sq. m. per day 
on the Ist day after galactose administration, while the decline 
after glucose was only from 4.29 to 3.83 gm. Although the 
difference was slightly in favor of the glucose-fed group on the 
2nd day, there is an appreciably lower value on the 3rd day for the 
galactose-fed animals. 

Similar results were obtained on a small group of female rats in 
which the technique was somewhat different. The administra- 
tion of galactose in a dose of 6 mg. per sq. em. of body surface 
occurred on the Ist day of fasting (after removal of the food the 
previous evening) concomitantly with beginning the feeding of 
sodium acetoacetate in a 2 mg. dose per sq. cm. Litter mate 
controls of these animals were given glucose in an amount equiva- 
lent to the amount of galactose retained 2 days later. The sum- 
mary of this small group of animals is given in Table I. 

With the exception of the Ist day, in which the average of the 
experiments with galactose is not significantly lower than that of 
the animals receiving glucose, the acetone body excretion is 
markedly lower after the former sugar. On the 3rd day, the mean 
value had only reached 6.96 gm. per sq. m. for the galactose-fed 
rats, while the glucose controls excreted on an average 13.01 gm. 
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Although the number of experiments in this group is small, they 
have added weight because they represent the averages of litter 
mates receiving the two sugars under experimental conditions as 
uniform as possible. Inasmuch as no significant differences were 
noted in the nitrogen excretion, these values are not reported. 
The determinations of total nitrogen, however, indicated that the 
kidney function was normal in each case. 

Effect of Administration of Sodium Acetoacetate after Diets High 
in Galactose, Glucose, or Lactose—Inasmuch as Deuel et al. (2) 
had demonstrated that the amount of glycogen retained in the 
liver during fasting after a diet high in galactose was greater than 
after one high in glucose, in some cases for as long as 72 hours, it 


TasBLe II 


Average Acetone Body Excretion in Gm. per Sq. M. of Body Surface per Day 
in Female Rats Receiving 20 Gm. of Sodium Acetoacetate per Sq. M. per 


Day 
After sugar 
Sugar fed on Ist day Ist day 2nd day 3rd day 
No. of Acetone No. of Acetone No. of Acetone 
rats bodies rats bodies rats bodies 
Galactose............ 5 1.82 5 4.31 4 6.96 
RR 5 1.87 5 6.02 4 13.01 


seemed that an inverse rate in the development of ketonuria might 
occur under similar conditions. Such a method of demonstrating 
the superior ketolytic activity of galactose would seem to be a more 
physiological one than that employed before, when immense doses 
of the sugar were administered at one time. In the following 
experiments, sodium acetoacetate was fed in the usual dose (1.5 
mg. per sq. cm.) from the time of the initiation of the fast, after 
the animals had been fed on diets high in the various sugars (Diet 
III), forat least aweek. This length of time is sufficient to demon- 
strate the difference in glycogen level (2). The experiments in 
each series, which were carried out simultaneously, comprised 
tests on animals previously on diets high in each of the three 
sugars. A total of nine series of observations was made. The 
averages of these results are given in Table III. 


| 
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In the case of the rats of both sexes, the rate of development of 
the ketonuria is slowest with those animals which had previously 
eaten a diet high in galactose. The acetone body excretion in the 
lactose-fed animals generally occupied an intermediate position, 
although the higher values for the female animals on the 2nd and 


TABLE III 
Average Body Excretion in Gm. per Sq. M. in Fasting Rats Following Diets 
High in Glucose (Group A), Galactose (Group B), or Lactose (Group C) 
When 15 Gm. of Sodium Acetoacetate per Sq. M. Were Administered 


No of rats Acetonuria Probabi dif- 
e error mean if 
of 


mean ference to 

Day probable 

of error of 

fast 

roup G ID rence 

Males 1 17 16 9 1.81) 1.35)0. 237/0.112/0.211) 3.89 
15 128 8 | 4.01) 1. 4.52 

3] 13 | 12 7 | 5.11) 4. 3.68/0.378/0.683/0.314) 0.58 

Females| 1 | 16 | 13 6 | 2.12) 1.07) 1.74/0.253/0.160/0.188) 3.51 
2/15 | 138 | 4 | 4.55) 3.26) 5.47/0.515/0.372/1.369) 2.03 

3 | 13 13 2 | 9.28) 7.30/10.09)0.413/0.185/2.212) 4.39 


TaBLe IV 


Food and Water Intake in Gm. per 100 Gm. Body Weight of Rats on 
Various Diets 


in Food intake per day Water intake per day 
Glucose | Galactose | Lactose Glucose | Galactose | Lactose 
Male. ...| 4.96 (26) | 5.63 (24) | 3.14 (12) | 6.86 (6) | 16.18 (6)| 9.53 (6) 
Female. .| 5.96 (26) | 6.86 (23) | 4.28 (12) | 7.87 (6) | 21.98 (6) | 14.67 (6) 


The figures in parentheses represent the number of animals included in 
the average. 


3rd fast days after this sugar are probably not significant inasmuch 
as the number of observations is too small. 

The food intake was determined in all the experiments and the 
average values are reported in Table IV. Since it was noted that 
large amounts of urine seemed to be produced invariably when the 
galactose diet was taken, the water intake of a few of the rats was 
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determined. Although it is realized that this value represents not 
only the water which the animals drank but also that lost by 
evaporation, nevertheless since the studies were made under iden- 
tical conditions, they should be comparable. The usual water 
fountain supplied with the Hendryx cage was employed. 


DISCUSSION 


Galactose has been shown to exhibit a superiority in ketolytic 
action to glucose in rats similar to that which it exerts in human 
subjects (1). The acetonuria reached a lower level and remained 
at the depressed value for a longer time after a single administra- 
tion of galactose than after the feeding of glucose. Also, the rate 
at which the ketonuria developed was much slower in the rats 
after a diet high in galactose than following one rich in glucose. 
In general, the results with lactose were intermediate as one would 
expect from the fact that it furnishes 1 molecule each of galactose 
and glucose. In the last group of experiments which have been 
treated statistically, it was found that on the Ist and 2nd days 
with the male rats and on the 1st and 3rd days with the female 
animals the acetone body excretion is significantly the lowest with 
the galactose experiments. The method of calculation of the 
ratio of mean difference to probable error of mean difference is that 
usually employed (6). If this ratio exceeds 3, the differences are 
accepted as significant. Because of the small number of observa- 
tions on the lactose-fed rats, these results have not been so com- 
puted. 

In the first group of experiments when the galactose was admin- 
istered, the nitrogen level was not influenced by previous diet. 
The nitrogen-sparing action under these conditions is unquestion- 
ably greater after galactose than after glucose. In the other exper- 
iments because of the complication of previous diet, no differences 
in sparing action could be observed. 

The food intake of the rats on the galactose diet averaged 
somewhat higher than that of the animals which received the 
glucose. The greater ketolytic action after the former diet might 
be attributed to this cause. That such is not the case seems evi- 
dent for several reasons. Probably the most cogent argument 
is that in the individual series of experiments, some of the most 
striking differences in the ketolytic effects between these sugars 
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were exhibited in cases where the intake of the diet containing 
galactose had been less than that of the diet containing glucose. 
Moreover, although the intake of the diet with lactose was less 
than that with the glucose, the former sugar exerted a superior 
ketolytic action. Finally, although the average intake of the diet 
containing galactose was more, it seems highly probable that the 
retention of calories was no greater than in the case of the diet 
with glucose. The apparently large amount of urine which was 
secreted by the rats on the former diet suggested to us that a con- 
siderable amount of galactose might be lost through this pathway. 
It had been shown earlier that the rat does not develop a toler- 
ance for this sugar within a period of 3 months (2). Although we 
were unable to measure the galactosuria or the urine volume, the 
greater water intake of the galactose-fed rats over those fed glu- 
cose gave almost certain proof that a polyuria existed in the former 
group. If one accepts the greater water intake and the general 
appearance of the cage as an evidence of polyuria, one is almost 
forced to the conclusion that the genesis of this condition is a 
melituria. It therefore seems probable that sufficient galacto- 
suria occurred to offset the increased intake of the diet containing 
galactose over that containing glucose. 

The question arises whether the experimental method of produc- 
ing the ketonuria in rats by the administration twice.daily of 
sodium acetoacetate is a physiological way for studying ketosis. 
The following observations from this laboratory where this method 
has first been extensively employed seem to indicate that the 
exogenous acetone bodies are influenced by the same factors that 
alter the metabolism of endogenous ketone substances. Butts 
and Deuel (4) found similar sex differences in the ketonuria of rats 
and guinea pigs fed diacetic acid during fasting to those which are 
found in human subjects during inanition. Similar sexual dis- 
crepancies in the rate of development of ketonuria are beautifully 
demonstrated in the averages after each sugar in Table III. In 
every case, the mean acetone body excretion of the female rats on 
the corresponding day of the fasting is higher than that of the 
male rats previously on the same diet. Secondly, we have found 
that if the animal is allowed to have free access to food while 
being given sodium acetoacetate, no appreciable acetonuria 
occurs. This proves that the exogenous diacetic acid can be 
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oxidized if ketolytic material is present. Also, the similarity in 
the lowering of the ketone body output after the ingestion of sugar 
by rats on the 3rd day of fasting and diacetic acid administration 
to that observed when carbohydrates were ingested during fasting 
in humans is hard to explain on any other basis than that a physio- 
logical ketosis occurs in the rats. A partition of diacetic and f- 
hydroxybutyric acids similar to what usually occurs in humans has 
likewise been found to occur in rats (7). Since 50 to 75 per cent 
of the administered diacetic acid appears in the urine in the experi- 
mental ketonuria as 8-hydroxybutyric acid, one must accept the 
proof that this material has actually passed through metabolic 
transformations corresponding to what occurs in endogenous 
ketonuria. Lastly, the recent observation of Butts, Cutler, and 
Deuel (8) that exogenous and endogenous ketonuria are altered 
in a like manner after the administration of extracts containing 
the ketogenic hormone of the anterior pituitary gland may be 
brought forward as additional proof that the method of producing 
ketosis which we have used is a satisfactory one for making com- 
parisons in ketolytic activity. 


SUMMARY 


1. After the administration of galactose to animals in which the 
ketonuria was produced by the administration of sodium aceto- 
acetate, the acetone body excretion remains at a lower level than 
after glucose. 

2. When rats were fed diets in which various sugars were incor- 
porated, the extent of the ketonuria which developed during 
subsequent fasting and diacetic acid feeding in those previously on 
the galactose régime was significantly less than it was in those 
which had been fed on the glucose diet. Lactose appeared to 
have an intermediate effect. 

3. The administration of galactose to rats on the 3rd day of 
fasting and diacetic acid feeding resulted in a greater drop in 
urinary nitrogen than occurs after glucose. 

4. The sexual difference in the rate of development and extent 
of the ketonuria has been confirmed. 

5. The method of administering sodium acetoacetate to fasting 
rats for the study of ketolysis has been shown to be a physiologi- 
cal one. 
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THE SOLUBILITY OF ETHYL IODIDE IN HUMAN BLOOD 
AND ITS CORRELATION WITH THE ERYTHROCYTE 
COUNT 


Br RAYMOND D. COOL, CLARENCE JAMES GAMBLE, anp 
ISAAC STARR, Jr. 


(From the Laboratory of Pharmacology, University of Pennsylvania, 
Philadelphia) 


(Received for publication, January 22, 1934) 


In the calculation by which the cardiac output in man is deter- 
mined from data which have been secured in an experiment with 
ethyl iodide, the coefficient of distribution of ethyl iodide between 
air and human blood is an essential factor. Since it is obvious 
that the accuracy of the calculated cardiac output cannot be 
greater than that of the figure employed for this distribution 
coefficient, it is important to know its correct value for each sub- 
ject upon whom a determination is made. 

Henderson and Haggard (1), in experiments in which we con- 
sider the equilibration period to have been inadequate, obtained a 
value of 2 for this coefficient. They also obtained higher values 
but, since they believed that ethyl iodide was rapidly decomposed 
in blood and recognized that their analytical method determined 
the sum of the ethyl iodide and one of its decomposition products, 
they considered these higher values to be inaccurate. Starr and 
Gamble (2), with a more reliable method of analysis and an expo- 
sure of blood to the ethyl iodide for a much longer period, first 
obtained an average value of 7.6 for a small series of normal per- 
sons. Later (3), with an improved technique in which larger 
amounts of blood were employed, they obtained an average value 
for normal subjects of 6.2. 

Among these determinations by Starr and Gamble were several 
upon samples of blood from anemic patients in which the values 
were lower than those secured with blood from normal subjects. 
This was to be expected from an earlier determination (2) in which 
ethyl iodide was found to have a lower solubility in plasma (4.9) 
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than in whole blood, and from similar findings of Nicloux and 
Scotti-Foglieni (4) with chloroform, another fat-soluble substance. 

Since that work was done a still more accurate analytical method 
has been devised by Cool (5). It seemed worth while, therefore, to 
determine the distribution coefficients of a larger series of blood 
samples with the new method, and to ascertain whether there is a 
correlation between this coefficient and the number of red cells 
such that the former may be predicted from the latter. , 

The results show that such a correlation exists and that it is 
advantageous to make use of it for cases of abnormal erythrocyte 
count. The average distribution coefficient at 37° for the bloods 
of fifteen normal subjects was found to be 6.7. 


Procedure 


The mechanical technique of Starr and Gamble ((2), (3) p. 
453) was followed with slight modifications. The ethyl iodide 
determinations were made by the iodate method of Cool (5). 

Fig. 1 represents the equilibrating apparatus as it was fastened 
on a rack immersed in a water bath at 37°. Air containing 
approximately 40 mg. of ethyl iodide per liter was passed from a 
gasometer through this apparatus at the rate of approximately 
1 liter per minute while the tonometer was being rotated back and 
forth. 

After exposing the blood to the ethyl iodide-air mixture for 45 
minutes (preliminary experiments showed no significant difference 
between samples exposed 30 minutes and 60 minutes), the gas 
sampling tube and tonometer were closed by means of pinch- 
clamps. The tonometer was tilted so that the blood ran down to 
the curved end, a long thin needle was then thrust through the 
rubber tubing, and 5 cc. of the blood were withdrawn into a glass 
syringe lubricated with 0.9 per cent sodium chloride solution. 
After withdrawal of the blood sample the gas sampling tube was 
removed from the water bath and chlorine water was added (5). 

The apparatus for distilling the ethyl iodide from the blood has 
been slightly modified from that used previously (2, 3) and is 
shown in Fig. 2. It was found that blood spattering into the 
condensing tube, C, either while introducing the sample or during 
distillation, led to a serious error in the subsequent determination 
of ethyl iodide. Therefore a trap, 7’, containing a plug of glass 
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FROM GASOMETER 


SATURATOR 


Fia. 1. Apparatus for equilibrating blood with an ethyl iodide-air mix- 
ture. The two traps have been rotated 90°, in a plane perpendicular to the 
page, to show their construction. C, cord from 17 cm. wheel mounted on 
the axle of an automobile windshield wiper. 


Fig. 2. Apparatus for distilling ethyl iodide from blood. C, condenser, 
volume approximately 1 liter; V, volatilizing tube; J and J’, ground glass 
joints surrounded by rubber tubing with a 2 mm. wall; R, rubber tubing 
witha 5mm. wall; RT, reagent tube, 10 to 15 cc. capacity; trap containing 
plug of glass wool held in place by glass cross sealed into the tube. 
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wool was inserted in the apparatus to overcome this difficulty. 
This apparatus was evacuated to a pressure of 10 mm., or less, of 
mercury before introducing a drop of N nony!l alcohol followed by 
the blood sample, the size of which was determined by weighing 
the syringe before and after injection of the blood. 

On completion of the distillation a thin hypodermic needle was 
thrust through the rubber tubing, 2, so that a slow current of air 
passed through the volatilizing tube and trap into the condensing 
tube while the ground joint, J, at the end of the latter, was 
loosened. ‘Then a coarse needle was pushed through the tubing 
to admit a stronger current of air which swept the gaseous con- 
tents of the volatilizing tube and trap into the collecting tube. 
As soon as the “hissing” caused by the inrush of air had ceased, 
the collecting tube was separated from the remainder of the 
apparatus at J, the rubber tubing being pinched at that point to 
prevent loss of gas. A reagent tube, R7’, containing 10 ce. of 
chlorine water was then inserted at J, and the chlorine water was 
allowed to run into the condensing tube. 

The contents of the condensing tube, and of the gas sampling 
tube to which chlorine water had previously been added, were 
each washed into an Erlenmeyer flask, with three 10 cc. portions 
of distilled water. 10 ce. of a 10 per cent phenol-water mixture 
were added and the solutions were allowed to stand for 20 to 30 
minutes. Then 20 cc. of water and 5 cc. of 20 per cent potassium 
iodide solution (iodate-free) were added and the iodine liberated 
was titrated with 0.005 n sodium thiosulfate solution (5). 

The red blood cell counts and hemoglobin determinations used 
were those made routinely in the clinical laboratory of the Univer- 
sity Hospital. The hemoglobin determinations were made by the 
Sahli method, the standard being so prepared that a reading of 
100 per cent was equivalent to 16.6 gm. of hemoglobin per 100 cc., 
having an oxygen capacity of 22.25 volumes per cent. 

The ethyl iodide concentration employed for the twenty-eight 
determinations listed in Table I was approximately 10 times that 
employed in determinations of cardiac output. This higher con- 
centration was used routinely because the error inherent in the 
analysis had so much less effect on the result, and distribution 
coefficients determined at each of the two concentrations on por- 
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tions of a single sample of blood showed no significant difference, 
a result which is in agreement with earlier work (3). 

In another experiment the coagulation of one portion of a blood 
sample was prevented with heparin in place of the sodium oxalate 
used for the other portion and for the bloods tabulated in Table I. 
As the distribution coefficients determined with the two portions 
showed no significant difference, it may be presumed that they are 
not affected by the anticoagulant. 


Results 


The distribution coefficients (mg. of ethyl iodide per liter of 
blood/mg. of ethyl iodide per liter of gas) determined by the 
method just described for twenty-eight different subjects are 
given in Table I. In most of these two or more distillations were 
made, the average of the results being given. The distribution 
coefficients for fifteen normal bloods, marked in the table, varied 
from 5.9 to 7.4, giving an average of 6.7 and an average deviation 
from the mean of +0.27. This deviation is but little larger than 
that of determinations made with portions of the same sample of 
blood, +0.16, and the average deviation for twenty-seven dupli- 
cate determinations taken from the tonometer at the same time, 
+0.15. 

Earlier estimations by the improved method of Starr and Gamble 
(3, 6, 7) gave values comparable with those obtained in the present 
work, and the results of eight such determinations, all those in 
which blood counts were made, have been appended to Table I 
(last eight subjects) and included in Fig. 3. 

Because the experimental ideal of varying only one causal 
circumstance at a time could not be followed, it seemed best to 
treat the data obtained by statistical methods. Whether any 
correlation exists between two variables is indicated by the corre- 
lation coefficient. When the correlation coefficient is more than 6 
times its probable error, the existence of correlation is almost 
certain, since the chance that the observed results are obtained 
from unconnected causes is practically zero, and when the coeffi- 
cient is greater than 0.50 there is decided correlation (8, 9). 

The correlation coefficient between the distribution coefficient 
and the red cell count was found to be 0.67 + a probable error of 
0.06. Therefore, there is a decided correlation between the two. 
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Distribution Coefficient of Ethyl Iodide between Air and Human 


Blood at 37° 
coethecient, 
Subject No. and sex Hemegbin, 
- centration in 
gas 

7.0 6.0 104 
6.2 3.7 68 t 

6.9 4.8 93 

6.4 3.6 70 i 
14 “ 7.0 5.0 95 
_ 6.3 5.4 98 : 
6.5 4.2 89 
5.9 4.7 92 

23 M 6.7 5.1 104 

24 F., 7.4 5.6 98 

6.0 4.4 85 p 

5.2 4.0 60 is 
6.4 4.3 77 te 
Correlation coefficient between distribution coefficient and r.b.c. = lit 
0.668 + 0.064 ai 

Correlation coefficient between distribution coefficient and Hb = 
0.625 + 0.071 
102 
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TaBLeE I—Concluded 


* 100 per cent = 16.6 gm. of Hb per 100 cc. = oxygen capacity of 22.25 
volumes per cent. 
+ The figures in parentheses refer to the bibliography. 


The straight line of best fit, or regression line, of distribution 
coefficients on red blood cells (AB in Fig. 3) can be caleulated from 
the experimental data and is represented by the equation: 
distribution coefficient = 0.383 XX erythrocytes per c.mm. X 


T 


N 


DIS TRIBUTION COEFFICIENT 


> 


53 3 4 te] 
RED BLOOD CELLS PER CUBIC MILLIMETER 

Fig. 3. Relation between distribution coefficient and number of red 
blood cells per c.mm. AB, regression line for distribution coefficients on 
red cell counts: d.c. = 0.383 X r.b.c. K 10-6 + 4.68. CD and EF have been 
placed at distances of twice the standard deviation from AB. 0, determi- 
nations made by iodate method; @, determinations made by silver nitrate 
method of Starr and Gamble. 


10-* + 4.68. The standard deviation about the regression line 
is 0.41. The lines CD and EF in Fig. 3 have been placed at dis- 
tances equal to twice the standard deviation about the regression 
line to outline the limits which should include 95 per cent of all 
similar cases. 

For the fifteen normal blood samples the standard deviation 
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from their mean is 0.36. This value, under the present limits of 
accuracy, is not significantly different from that (0.41) found for 
the standard deviation of both normal and anemic cases about 
their regression line. It would therefore seem justifiable to use 
6.7, the mean of the fifteen determinations on normal bloods for 
the distribution coefficient of any normal subject. 

Any error inherent in the determination of distribution coeffi- 
cients causes a similar error in the estimated cardiac output. 
Therefore the use of the average normal value for normal subjects, 
or the value taken from the regression line for those with high or 
low erythrocyte counts, would result in a probable error of 4 per 
cent in the calculated cardiac output; while a determination of the 
distribution coefficient of the subject’s blood by the method out- 
lined would reduce this to 2 per cent. However, as the unavoid- 
able physiological errors in cardiac output determinations exceed 
4 per cent, the determination of individual distribution coefficients 
appears unnecessary. 

There is an apparent relation between distribution coefficients 
and hemoglobin contents, with a correlation coefficient of 0.63 + 
0.07, and a regression line represented by the equation: distribu- 
tion coefficient = 0.0162 X hemoglobin per cent + 5.02. This 
is probably a secondary result obtained indirectly because of the 
marked correlation between hemoglobin content and red cell 
count, rather than a direct relation between hemoglobin content 
and distribution coefficient. The equation given, however, may 
be used for the estimation of the distribution coefficient for sub- 
jects whose red cells have not been counted, but for whom the 
hemoglobin content of the blood is known. 


SUMMARY 


Distribution coefficients for ethyl iodide between air and human 
blood from twenty-eight individuals have been determined at 37°. 

Relationships between distribution coefficients and red blood 
cell counts and hemoglobin contents have been statistically 
defined. ‘The equations of the straight lines of best fit (regression 
lines) are: distribution coefficient = 0.383 X erythrocytes per 
c.mm. X 10-* + 4.68; and distribution coefficient = 0.0162 X 
hemoglobin per cent + 5.02. 

The average of the distribution coefficients for fifteen normal 
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individuals was 6.7, with a standard deviation about the mean 
of 0.36. 
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THE OXIDATION OF CYSTINE IN NON-AQUEOUS MEDIA 
III. PRODUCTS OF EXHAUSTIVE OXYGENATION OF CYSTINE 
PERCHLORATE IN ACETONITRILE* 

By GERRIT TOENNIES ann THEODORE F. LAVINEt 


(From the Research Institute of the Lankenau Hospital, Philadelphia) 
(Received for publication, January 27, 1934) 


The aim of these studies is the preparation of intermediate 
oxidation products, primarily those with unbroken —S—S— 
linkage, of cystine. When a water-free solution of /-cystine 
perchlorate in acetonitrile (1, 2) is treated with perbenzoic acid (in 
chloroform solution (3)), an increasing oxygen consumption 
approaching toward 4 atoms per molecule of cystine takes place. 
This is shown in Fig. 1. The oxygen consumption was determined 
by titration of the iodine liberated from KI by unchanged per- 
benzoic acid in 5 cc. samples periodically withdrawn from the 
reaction mixture kept at —10°. The limiting value of 4 atoms, 
indicated by the curve, is obviously the theoretical maximum 
that can be taken up by the —S—S— group without its splitting. 
The reaction mixture, which is homogeneous and clear in the 
beginning, becomes opalescent after about 20 minutes and gradu- 
ally develops a fine white precipitate. This settles out leaving 
the supernatant liquid entirely clear after about 48 hours. Pre- 
vious trials had shown that neither cystine nor perbenzoic acid 
alone is precipitated in the solvent mixture at —10°. It also 
had been established that, at —10°, perbenzoic acid remains 
unchanged in presence of CH;CN solutions of HClO, dehydrated 
by (CH;CO),.O (1). It therefore seems clear that the precipitate 
formed is an oxidation product of cystine. The nature of this 
product was the next object of inquiry. Since it became evident 


* Aided by a grant from the Leffmann Fund of the Wagner Free Institute, 
Philadelphia. 

Presented in part before the meeting of the American Society of Biologi- 
cal Chemists at Cincinnati, April, 1933. 

t Daniel Wentz Fellow of the Lankenau Hospital Research Institute. 
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that the precipitate is easily decomposed by humidity into a 
brownish syrup, all operations with the substance were carried 
out in an atmosphere of dry CO, (4). After filtering under such 
conditions and washing with dry CH;CN, the material was dried 
at 35° (higher temperature causes discoloration) under reduced 
pressure in presence of P-O;. Conditions and results of the 
several preparations made are summarized in Table I. Columns 
4 to 9 give the results of duplicate analyses. Van Slyke deter- 


QXIDATION oF CYSTINE 


™ 0.0125 M CYSTINE 
CHCN + CHCl, (2:1) 0.0334 M HClO, 
+ -10° 0.0838 M 


6.7 PER - OXYGEN : | CYSTINE 


> 


ATOMS OXYGEN CONSUMED PER MOL. CYSTINE 


Fie. 1 


minations showed that all the nitrogen is present as amino nitrogen. 
Qualitative tests indicated the presence of HCIO, and the absence 
of chlorine in other forms. HClO, was determined by the method 
of Weinland and Stroh (5) as chloride. Calculation of the latter 
as HClO, yields Column 10. Column 11 gives the oxygen added 
to the —S—S— group, obtained by subtracting perchlorate and 
carboxyl oxygen from the total oxygen, on the basis of one carboxyl 
group for each sulfur. Column 12 gives the yield in terms of 
initial amount of cystine (3 to 6 gm. in these experiments). 
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Additional reaction products are obtained when the filtrate is 
neutralized by pyridine. Their nature will be taken up in a later 
report. 

The data on the primary precipitate, while showing that the 
material is not a pure compound, suggest a product of the com- 
position HClO, + 2(HOOC—CH(NH:)—CH:—SO,~)2. That a 
compound with oxidized but unbroken —S—S— linkage pre- 
dominates is indicated by the facts that fresh aqueous solutions 
show increasing acidity and iodine reduction at measurable rates. 


I 
Insoluble Product of Non-Aqueous Oxidation of Cystine 


Composition of precipitate Yield 
Cyst tio, Ato ot | rae, | 
perehio-| Chom” jperbensoie| | N | S | Ct |'ratio. | 
tine S—S 
(1) (2) (3) (4) | (5) | (6) | (7) | @&) (9) (10) (11) (12) 
0.019 50 6.2 {22.1| 4.3) 7.3/17.1) 4.6) 0.98 | 0.49 | 2.35 | 50 
0.022 41 6.0 7.2/16.5) 4.6) 1.00 | 0.51 53 
0.028 43 6.0 |21.6| 4.8) 7.9)18.6) 4.6) 0.97 | 0.45 | 1.73 | 47 
0.035 30 4.6 |23.7) 4.5) 7.9|17.6) 4.0) 1.03 | 0.40 | 1.94] 46 
0.053 45 4.8 /|20.2) 4.2) 7.7/17.7| 4.3) 1.00 | 0.44 2.30] 29 
Calculated for HClO,+/20.3) 5.0} 1.00 | 0.50 | 2.00 
2(HOOC—CH(NH.) 


Titrations gave variable results within +20 per cent of the values 
calculated for the reactions 


(1) HCIO, + 2R—SO,—SO.—R + 5NaOH — NaClO, + 2RSO,H 
+ 2RSO.H + 3H,0 
(2) HClO, + 2R—SO,—-SO,—R + 4H,0 + 21, — HCIO, + 4RSO,H 
+ 4HI 


Further investigation along this line was suspended until adequate 


amounts of a pure compound would be available, since studies on 
the crude product cannot yield definite information as to whether 
the irregular results are wholly due to the presence of varying 
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amounts of by-products, or whether on aqueous decomposition 
reactions other than those of Equations 1 and 2 occur, as indicated 
by the appearance of sulfate ion on oxidation. Cysteic acid was 
found to be entirely stable in the presence of iodine, thus support- 
ing the conclusion of Andrews (6) that sulfate is the product of a 
side reaction preceding the formation of cysteic acid. The essen- 
tial absence of the latter in the insoluble oxidation product itself 
is indicated by its easy solubility in HClO, (0.2 N) in anhydrous 
CH;COOH (prepared according to Hall and Conant (7)), a system 
which does not dissolve cysteic acid. Solubility under the high 
proton potential of HClO, in CH;COOH, insolubility in HCIO, in 
CH;CN, and, on the other hand, solubility in acetonitrile or acetic 
acid solutions of piperidine, in which cystine is not soluble, suggest 
amphoteric properties similar to, but more acidic and less basic, 
than cystine. 

The next step was to obtain a product free of HC]O,. Although 
it has not been possible to achieve this while keeping the —S—S— 
linkage intact, the products resulting from hydrolytic splitting 
of the linkage were obtained by treating the crude product with a 
solution of Nn HCl in CH;OH and H,0 (95 : 5 by volume) and 
adding 10 volumes of chloroform to the filtered solution. A 
crystalline precipitate of small rods and needles formed on stand- 
ing. After being washed and dried at 56°, it gave the following 
analytical values. 


Cc H N 8 
PE Gasivecdctdvaseursdesestentwosa 23.30 | 4.17 | 9.16 | 20.08 
23.36 | 4.24 
Calculated for 
21.28 | 4.14 8.27 | 18.93 
23.53 | 4.58 | 9.15 | 20.91 


The substance has a tendency, in common with cysteic acid, ob- 
stinately to retain 2 or 3 per cent hydrogen halide, requiring re- 
crystallization for its removal. It was not recrystallized, however, 
since this involves considerable loss of its reducing power, and the 
analytical figures are corrected for about 3 per cent HCl deter- 
mined nephelometrically. Further investigation showed that the 
product consists of at least two compounds, probably cysteic and 
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the corresponding sulfinic acids,! 7.e. the products that are to be 
expected from hydrolytic splitting of the disulfone. 1 gm. samples 
of the original crude material were treated with different amounts 
of the above HCl solution. The reducing power of the crystalline 
precipitate was determined by titrating the iodine left after com- 
plete oxidation (12 to 24 hours in 0.05 n HCl with 300 to 400 per 
cent excess I,) and calculating in terms of oxidation of the sulfinic 
acid to cysteic acid. Table II summarizes the results, indicating 
that the absolute and relative amount of sulfinic acid precipitated 
is a function of the amount of hydrolyzing medium used, while the 
residues are left with a relatively low reducing content. This 


TaBLe II 
Isolation of Crystalline Acid Mixture from Crude Oxidation Product 


ot Residue Precipitate 

ec. gm. gm. per cent gm. gm. per cent 

12.5 0.27 0.03 ll 0.35 0.20 57 
20 0.12 0.01 8 0.57 0.23 40 
22 0.06 0.005 8 0.66 0.26 40 
34 0.03 0.64 0.25 39 
36 0.03 0.57 0.20 34 
45 0.00 


seemed natural when it was found that pure /-cysteic acid requires 
for solution of 1 gm. about 100 cc. of N HCl in 95 per cent CH;OH 
and that 80 per cent of it is reprecipitated by 10 volumes of chloro- 
form. (dl-Cysteic acid required 400 cc. per gm. and the solution 
gave no precipitate with chloroform.) 

The results of attempts by various means to isolate the sulfinic 
acid from the mixture can be summarized as follows: By extraction 
with pure methyl alcohol the reducing component is accumulated 
in the solution and cysteic acid in the residue. A substance with 
34 per cent sulfinic acid content, according to iodine value, showed 
on titration with sodium methylate and thymol blue (2) an equiva- 
lent weight of 81 (calculated for 34 per cent sulfinic acid + 66 


1 Isolation of the pure compound from a cobalt complex has just been 
described by Schubert (8). 
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per cent cysteic acid, 82). After repeated methyl alcohol extrac- 
tion the sulfinic acid content was reduced to 4 per cent and titration 
showed an equivalent weight of 85 (calculated for cysteic acid, 
84.5). 63 mg. of the sample of 34 per cent sulfinic acid content 
left, on cold extraction with 1.5 ce. of CH;OH, 37 mg. of residue of 
10 per cent sulfinic acid content, and from the solution 8 mg. of 
substance of 75 to 80 per cent sulfinic acid content were precipi- 
tated by chloroform. Considerations of yield eliminated this 
method as a basis for complete separation. 

Fractionated crystallization of brucine salts failed to effect 
separation, although the brucine salt of cysteic acid is easily 
obtained in crystals of hexagonal type by dissolving a mixture of 
equimolar amounts of the two components in the minimum amount 
of hot water and precipitating with acetone; yield, 92 per cent. 
Equivalent weight by NaOCH; titration (the brucinium ion and 
the carboxyl group are titrated, cf. (2)), 301; calculated for 1 mole- 
cule of cysteic acid + 1 molecule of brucine + 2H,0, 300. By 
passing HCl gas into the CH;COOH solution of the salt the free 
acid is regenerated; yield, 84 per cent; equivalent weight, 85. 

Separation by fractionated neutralization was also tried. On 
addition of equimolar amounts of sodium or barium methylate to 
the methyl alcoholic solution of the acid mixture the acid salts 
precipitate (they redissolve on addition of a second equivalent, 
formation of the secondary salts being complete at the second color 
change of thymol blue); but neutralization in fractions again 
yielded mixtures, although when NaOCH; equivalent to less than 
the calculated sulfinic acid content was used, precipitates have 
been obtained that reduce 80 and 85 per cent of the amount of 
iodine calculated for the acid sodium sulfinate. 

As further material becomes available identification of the 
sulfinic acid will be attempted by means of the Co complexes 
described by Schubert (8). Returning to the original oxidation 
product it was found that some of the preparations, while acting 
as reductant against excess iodine, also liberate iodine from excess 
iodide in acid solution and give, on subsequent treatment with 
ammonia and cyanide, a slight nitroprusside reaction which is not 
obtained without the iodide treatment. Investigation of this 
observation, showing the existence of a group, or groups, that are 
easily reducible to the —S—S— form, is the object of the next 
paper of this series. 
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SUMMARY 


On oxidation of cystine perchlorate in acetonitrile with an 
excess of perbenzoic acid, a precipitate of the probable composition 
of HClO, + 2(HOOC—CH(NH,)—CH,—S0O,~), is formed. 
Decomposition of this precipitate yields a crystalline product of 
the expected properties of a mixture of cysteic and the correspond- 
ing sulfinic acids. 
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THE OXIDATION OF CYSTINE IN NON-AQUEOUS MEDIA 
IV. THE COURSE OF NON-HYDROLYTIC OXYGENATION * 


By GERRIT TOENNIES ann THEODORE F. LAVINEt 
(From the Research Institute of the Lankenau Hospital, Philadelphia) 
(Received for publication, January 27, 1934) 


Products obtained by non-aqueous oxidation of cystine have 
been previously described (1). The variable composition of the 
insoluble precipitate obtained and the significant observation of 
the presence of a group, or groups, that are reduced to —S—S— 
called for a more detailed investigation of the course of oxidation. 
Additional information was desired regarding (a) the absolute 
limit of oxygen consumption under anhydrous conditions, (b) the 
possible effect of the presence of chloroform on the precipitation, 
and (c) the rate of disappearance of cystine and the nature of the 
oxidation products responsible for the —S—S— test caused by 
reduction with iodide. 

In order to eliminate the danger of accumulative condensation 
of moisture during the frequent withdrawal of samples from the 
cold reaction mixture, a 250 ec. suction flask was equipped with a 
stop-cock in the suction arm and a ground-in stopper with stop- 
cock and calcium chloride tube, so that the samples could be 
withdrawn by pouring from the side arm without exposing the 
bulk of the mixture to the atmosphere. Temperature constancy 
of —10° + 1° could be maintained by having the reaction vessel 
in a bath of brine kept in an electric refrigerator in the space 
ordinarily occupied by ice cube trays. 

In order to eliminate chloroform from the medium acetonitrile 
solutions of crystalline perbenzoic acid were prepared. The 
latter was obtained by running the aqueous solution of sodium 
perbenzoate (details of its preparation are omitted since our 

* Aided by a grant for fundamental research from E. R. Squibb and Sons. 

A report on this work was presented before the meeting of the American 


Society of Biological Chemists at Cincinnati, April, 1933. 
{ Daniel Wentz Fellow of the Lankenau Hospital Research Institute. 
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method is quite similar to one subsequently published (2)) into an 
amount of 50 per cent H.SO, (d = 1.40), kept at — 15°, calculated 
to make the final H.SO, concentration about 20 per cent by volume. 
The per-acid crystallizes immediately and is filtered on a Buchner 
funnel jacketed with freezing mixture; H,SO, is washed out with 
ice water; and the substance is dried by CaCl, and finally P.O, 
in a desiccator kept close to 0° and opened only in an atmosphere 
of dry CO,. When kept under these conditions the peroxide value 
of the dry acid (1 ce. samples of 0.5 nN CH;CN solutions added to 
25 ec. of N KI and 0.5 ec. of 2 N H,SO,) was unchanged after 3 
weeks. The total acidity is obtained by NaOH titration after 
decomposing the very weak per-acid by heating of the nearly 
neutralized solution. By non-aqueous titration in the presence 
of CHCl; (3) less than 0.1 per cent of H,SO, (both protons are 
neutralized at the first color change of thymol blue) was found in 
the white crystalline product. It consists of about 95 per cent 
perbenzoic and 5 per cent benzoic acid. The isolated yield of the 
former was more than two-thirds of the theoretical (from benzoyl- 
peroxide). 

The —-S—S— group of cystine may be conveniently estimated 
with an experimental error within +10 per cent by direct visual 
comparison of suitable amounts of the solution to be tested with a 
series of cystine standards, both being treated identically. The 
standards consist of 0.0003 to 0.0024 mm (in steps of 0.0003 mm) 
cystine in 3 ec. of 0.3 N HCl, 2 drops of 5 N NaCN, and 1 ce. of 
8.6 N NH,OH; after 5 minutes 1 drop of 15 per cent sodium 
nitroprusside is added. Since this test is prevented by perbenzoic 
acid, its rapid removal from time samples of the reaction mixture 
is necessary in a study of the course of oxidation. 4 cc. of a 0.6m 
perbenzoic acid solution in acetonitrile, diluted with 9 volumes of 
water, lost, on consecutive extractions with 4 cc. portions of 
chloroform, about 70 per cent of the perbenzoic acid present each 
time in the aqueous phase. Thus by seven extractions the 
peroxide concentration was reduced to 1 X 10-* M, @.e. one power 
of 10 less than the cystine concentration in which the nitroprusside 
test is just visible. Use of 0.1 N HCl as diluent instead of water 
results in more rapid separation of the layers and the series of seven 
extractions can be completed in 10 to 12 minutes. The loss of 
cystine by oxidation during this time does not exceed 20 per cent 
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as shown by the following experiment. To a separatory funnel 
kept within the refrigerator at about 2°, and containing 2 cc. of 
chloroform and a mixture of 20 cc. of 0.1 N HCl and 1 ce. of 0.6 m 
perbenzoic acid in acetonitrile, all ice-cold, 1 ce. of 0.1 m cystine 
perchlorate in acetonitrile was added. After seven chloroform 
extractions the nitroprusside test on the aqueous layer showed 
80 per cent of the initial cystine. 
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A complete oxidation was now carried out. At —10° aceto- 
nitrile solutions of cystine perchlorate (4) and of perbenzoic acid 
were combined in the reaction flask described to make a solution 
0.026 m in cystine and 0.136 m in perbenzoic acid. The oxidation 
curve is plotted in Fig. 1. After 48 hours, when nearly 4 oxygen 
atoms per cystine molecule were consumed, additional perbenzoic 
acid was added, making the concentration of cystine 0.019 Mm and 
that of perbenzoic acid 0.234 m (calculated as initial concentrations), 
without causing any oxidation beyond the oxygen-cystine ratio of 
4. Toa part of the reaction mixture water was added, after 72 
hours of reaction, corresponding to a concentration of 0.05 m, on 
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the theory that its reaction with the disulfone liberating the 
sulfinic acid, might result in further oxygen consumption (oxida- 
tion of sulfinic to cysteic acid). During the next 24 hours there 
appeared a definite increase in consumed oxygen to about 4.15 and, 
after raising the water concentration to 0.5 M, to 4.25, while in the 
water-free part of the reaction mixture the ratio remained at 4.00. 
The precipitate present underwent no pronounced visible change 
after the water additions and the slowness of the further oxidation 
may be due to sluggish reaction of the disulfone, largely present in 
the precipitate, or of any sulfinic acid formed on account of low 
solubility in the acid medium. 


TABLE 


Sums of Non-Aqueous and Aqueous Oxidation 


Oxygen atoms consumed per cystine molecule 
Time of withdrawing sample 
From peroxide From iodine 
hrs. atoms aioms 

0.00 (cystine) 0.00 5.03 + 0.06 
0.05 0.71 4.12 
0.53 1.77 3.48 
1.43 2.30 2.94 
2.37 2.57 2.67 
49.0 3.92 0.93 


The results of another phase of this experiment indicate more 
clearly that cysteic acid is the chief product of complete aqueous 
oxidation of the oxidation products present at various stages of 
the non-aqueous oxidation. From a number of samples perben- 
zoic acid was removed by chloroform extraction as outlined above. 
Aliquot parts of the aqueous layers were oxidized by excess iodine 
in the manner earlier described (1). The results of back titration 
after 20 hours, calculated in terms of oxygen atoms consumed per 
cystine unit present, are given in Table I. The total oxygen con- 
sumed, obtained by adding the oxygen taken up from the per- 
benzoic acid, varies in the five samples examined, between 4.8 
and 5.2 atoms per molecule of cystine (theoretical for oxidation 
of cystine to eysteic acid 5.00). For comparison the results of 
iodine oxidation of cystine under the same conditions are included. 
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The aqueous layers from which perbenzoic acid had been 
removed were also tested, immediately, for their nitroprusside 
reaction, with and without preceding iodide treatment. Deter- 
mination of unoxidized —S—S— was carried out as described. 
The total —S—S—, including that appearing on reduction by 


NON - AQUEOUS OXIDATION AND NITROPRUSSIDE TEST. 


NITROPRUSSIDE VALUE , PER CENT 


so 
MINUTES 
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iodide, was obtained as follows: To a mixture of 3 drops of 10 x 
HCI and 3 drops of saturated (6 N) KI 3 cc. of solution, corre- 
sponding to between 0.0003 and 0.0024 mm total —S—S-, are 
added. After 5 minutes | cc. of 8.6 N NH,OH and, after taking 
care that the liberated iodine be completely decomposed by 
mixing, 2 drops of 5 Nn NaCN and finally, after 5 more minutes, 2 
drops of 15 per cent sodium nitroprusside are added. Comparison 
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with cystine standards of equal volume is made as rapidly as 
possible since the iodide, even though it does not markedly affect 
the color value, increases the rate of fading. The results of these 
tests are plotted in Fig. 2. Both parts of Fig. 2 are plotted on the 
same time scale and the lower curve represents the early part of 
the oxygen consumption curve of Fig. 1. In the upper graph the 
points of the curve —S—S— by KI give the uncorrected difference 
between the nitroprusside values obtained with and without 
preceding KI action. The —S—S— curve is based on the values 
of the direct test augmented by 25 per cent as a rough correction 
for oxidation occuring during the process of extraction (see above). 
All values are expressed in terms of per cent of total cystine used. 
The third curve represents the difference from 100 per cent. Due 
to the nature and conditions of the determinations the quantita- 
tive significance of these curves alone is limited. Considered 
together with the other data, however, they suggest certain in- 
terpretations. The fact that the solution was entirely clear for 
about 80 minutes may be taken as evidence that the concen- 
tration of the tetraoxide is still low during this stage. Total 
oxygen consumption, the low —S—S— value, and the decreasing 
- tendency of —S—S— by KI at this point indicate that the latter 
test is associated with the disulfoxide and possibly the mono- 
sulfoxide. Inasmuch as in the final stage, that of the disulfone, 
the test disappears, it is not likely that the monosulfone, if it has 
any existence during this oxidation, is reduced by iodide unless 
indirectly over an isomeric equilibrium with the disulfoxide. It 
may be mentioned at this point that in no case a nitroprusside test 
was produced by iodide treatment alone, without subsequent 
cyanide action, just as there is no evidence of reduction of cystine 
by iodide. The very rapid initial oxygen consumption which was 
also evident in the curve of a previous experiment (1), together 
with the early maximum of —S—S—by KI and the disappearance 
of cystine before 3 oxygen atoms are consumed indicate that the 
rates of addition of the first 2 oxygen atoms are rapid com- 
pared with those of the 3rd and 4th. The isolation (5) of a di- 
sulfoxide of l-cystine from the products of the first oxidation stage 
will be described in a subsequent communication. 
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SUMMARY 


A maximum of 4 oxygen atoms are consumed by each cystine 
molecule under non-aqueous conditions. On completion of the 
oxidation at various stages by iodine in aqueous medium a total 
consumption of 5 oxygen atoms, corresponding to formation of 
cysteic acid, was found. 

The occurrence, during the initial stage of non-aqueous oxida- 
tion, of compounds of sulfoxide character is indicated by regenera- 
tion of disulfide on reduction with iodide. 
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THE INFLUENCE OF FLUORINE INGESTION UPON THE 
NUTRITIONAL QUALITIES OF MILK* 


By PAUL H. PHILLIPS anv E. B. HART 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


anp G. BOHSTEDT 


(From the Department of Animal Husbandry, University of Wisconsin, 
Madison) 


(Received for publication, January 10, 1934) 


Nutritional studies on the inclusion of small but constant 
amounts of fluorine in the dietaries of different species of animals 
have shown that the practise is fraught with considerable danger. 
2 to 5 parts of fluorine per million in drinking water have been 
shown to cause defective enamel in the teeth of children (6). 
Small quantities of fluorine in the diet are known to produce ab- 
normal teeth in cattle, swine, and laboratory animals. That small 
amounts of fluorine occur in milk has been shown by Stuber and 
Lang (7), Gautier and Clausmann (2), Winter (9), and others. 

Since fluorine-bearing mineral supplements are in use for feeding 
dairy cattle, milk might thus have a sufficiently increased fluorine 
content to produce harmful effects. A series of studies was made 
to determine whether or not the nutritional qualities of milk were 
influenced by different levels of fluorine intake, such as might be 
encountered in ordinary dairy cattle feeding. 


EXPERIMENTAL 


The plan for these studies consisted of two approaches to the 
problem. The first was a biological test of the milk from control 
and rock phosphate-fed Holstein cows. The second was confined 


* Published with the permission of the Director of the Wisconsin Agricul- 


tural Experiment Station. 
This work was supported in part by a fellowship grant from the Ruhm 
Phosphate and Chemical Company, Mt. Pleasant, Tennessee. 
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to a systematic study of the fluorine content of the milk produced 
by these cows. 

The cattle used for these milk studies were cattle which were 
placed on their experimental rations as growing calves at about 6 
months of age and remained thereon until after the peak of pro- 
duction in their third lactation, or approximately 5 years. The 
animals were removed from the experiment in October and Novem- 
ber, 1933. The rations used throughout the experiment were well 
balanced and conformed to the Morrison feeding standard for 
dairy cattle. So far as is known, all of the necessary dietary fac- 
tors were amply supplied. Eighteen cattle were divided into six 
lots of three animals each fed the following rations: Ration I, a 
grain mixture, corn silage, and alfalfa hay; Ration II, a grain mix- 
ture, corn silage, and timothy hay; Ration III, timothy hay, corn 
silage, and a grain mixture supplemented with 2.5 per cent special 
steamed bone meal; Ration IV, the same as Ration III except that 
one-fourth of the bone meal was replaced by rock phosphate; 
Ration V, the same as Ration III but one-half of the bone meal was 
replaced by rock phosphate; while all of the bone meal was re- 
placed by rock phosphate in Ration VI. Rations III to VI con- 
tained in addition 1.00, 0.91, 0.83, and 0.66 per cent ground lime- 
stone in order to maintain a comparable Ca:P ratio in all lots. 
The rock phosphate, also called lime phosphate, contained 3.52 
per cent fluorine and represents approximate additions of: 0.022, 
0.044, and 0.088 per cent fluorine, respectively, to the grain Ra- 
tions IV, V, and VI. 

The biological tests were made with rats upon milk from the 
second lactation period. Individual cows were selected from each 
lot as the constant donors of milk representing their particular 
lot. Whenever possible, cows which had been in milk 4 to 6 weeks 
‘vere selected as the milk donors. The first experiment was carried 
out on the following lots of rats. 


Experiment M-I 
Lot a Mineralized milk from Cow 61, fed Ration III (control) 


- IL. “asfor Lot I + 0.5 mg. F per liter 

“ IV. “ “ “ I 2.0 “ “ “ 

“from Cow 65, fed 0.022 per cent F in grain 


mixture (Ration IV) 
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Lot VI. Mineralized milk from Cow 67, fed 0.044 per cent F in grain 
mixture (Ration V) 


“ VIL. Mineralized milk from Cow 70, fed 0.088 per cent F in grain 


mixture (Ration VI) 


It became evident within a few weeks that the growth and milk 
intakes in these various lots of rats were not comparable even 
though care in selecting vigorous litter mates had been duly exer- 
cised. Consequently a second experiment (No. M-II) was begun 
6 weeks later with milk from the same cows. The possibility that 
water intake might influence feed consumption suggested that 
water be given two of the lots. In experiment M-I the consump- 
tion of the milk from Cow 67 was very low. To determine whether 
this was an individual peculiarity of this milk Cow 68 was also 
used as a milk donor from the group fed Ration V. The following 
lots consisting of four rats each were used in Experiment M-II. 


Experiment M-II 


LotsI-IV. Samples same as for Lots I-IV, Experiment M-I 
Lot V. Mineralized milk, Cow 61, fed Ration Ifl + 2 mg. F (water 
ad libitum) 
- VI. Mineralized milk, Cow 65, fed 0.022 per cent F in grain mixture 
(Ration IV) 
“ VII. Mineralized milk, Cow 67, fed 0.044 per cent F in grain mixture 
(Ration V) 
“VIII. Mineralized milk, Cow 68, fed 0.044 per cent F in grain mixture 
(Ration V) 
“1X. Mineralized milk, Cow 70, fed 0.088 per cent F in grain mixture 
(Ration VI) 
" X. Mineralized milk, Cow 70, fed 0.088 per cent F in grain mixture 
(Ration VI) (water ad libitum) 


In all cases the milks fed were mineralized (3) on the basis of 
10.0 mg. of Fe, 1.0 mg. of Cu, and 1.0 mg. of Mn per liter. During 
the period that these experiments were in progress a 2500 cc. sam- 
ple of milk was ashed for analytical purposes with an excess of 
sodium carbonate. 

Samples of milk were again taken following the third parturi- 
tion. These were likewise analyzed for their fluorine content 
according to Armstrong’s modification (1) of Willard and Winter’s 
method (8) for fluorine determination. 

At the close of each experiment the rats were sacrificed by ether 
anesthesia. The digestive tract was removed and the animal 


ced 
ere 
it 6 
The 
vell 
for 
ac- 
six 
orn 
‘ial 
lat 
te; 
re- 
1e- 
ts. 
52 
2, 
a- 
he 
ch 
ar 
KS 
XUM 


126 Influence of Fluorine upon Nutrition 


dried and ashed with an excess of sodium carbonate. The fluorine 
content of the body ash was then determined. 


Results 


The average daily milk consumption is given in Table I. In 
Experiment M-I there was a noticeable drop in milk consumption 
in Lots III, V, and VI. Experiment M-II showed a well equal- 
ized consumption in all lots except Lots VII and VIII which 
received milk from cows fed 0.044 per cent added fluorine. The 
cause of the persistent low consumption of milk from Cow 67 
and also Cow 68 is not known and beyond the suggestions made 
in the following paragraphs cannot be explained. It seems clear 
from Table I that the milk consumed by these lots was efficiently 
used in growth, since less milk was required per 100 gm. of in- 
crease in body weight. 

Figs. 1 and 2 show the growth curves of six of the lots from each 
experiment. As would be expected, the lots which consumed the 
least milk showed the least growth. Considerable variation was 
encountered in the rate of growth in the different lots. In Ex- 
periment M-I the rats in Lot III on normal milk plus 1 mg. of F 
per liter, Lot V on milk from Cow 65, and Lot VI on milk from 
Cow 67 failed to consume as much milk and therefore did not grow 
as rapidly as those in the other lots. In Experiment M-II the 
same milks and that from Cow 68 caused lower daily consumption 
and again slower growth. 

The lower milk consumption and subsequent retardation of 
growth seems unrelated to the fluorine content of the milk. The 
groups receiving normal milk only, normal milk plus 2 mg. of F 
per liter, and milk from Cow 70 consumed very nearly the same 
quantities of milk and made similar growth records. Had the 
retardation of growth and of milk consumption been brought about 
by fluorine, then it should be expected that the lot receiving an 
addition of 2 mg. of F per liter of milk and possibly that from Cow 
70 should have been most adversely affected. Such was not the 
case. These lots of rats ate well and grew about as anticipated on 
the basis of the performance of animals used for our fluorine in- 
vestigations. 

These data emphasize the fact that milk diets limited to the milk 
from an individual cow may for some unknown cause produce con- 


Tasie I 
Average Milk Consumption and Fluorine Ingestion per Rat 
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sistently variable results in food consumption and growth. It 
is entirely possible that a variation in some essential substance or a 
change in the quality of the milk may cause the variation. How- 
ever, attention is called to the fact that considerable variation in 
daily milk consumption occurred in these experiments between 
lots on identical milks. This is shown in Lots [IX and X in 


Grams 

Lot I - Basal Ration. Lot III - Basal Ration Lot IV - Basal Ration 

Mineralized Milk 1.0 
275 then oor el | + mgm. F/Liter + 2.0 mgm. F/Liter 
225 
175 XK. 
125 id a 

Y 
7 VIA 
V 

5 

Lot V - Mineralized Milk Lot VI - Mineralized Milk e 
275 from Cow 65 fed .0224 F from Cow 67 f d F 70 fea 

225 wd 
175 all Z 
4 
75 L 
28 


Fia. 1. Growth curves of litter mate rats on mineralized milk diets, Ex- 
periment M-I, 1932. 


Experiment M-II, in which the average milk consumption per 
rat per day varied approximately 15 per cent. A still larger 
variation is exhibited in the average milk consumption of Lots I 
and IV in Experiment M-I in contrast to Lot III on the inter- 
mediate fluorine intake. In many cases no doubt the perform- 
ance of a particular group is retarded because one individual may 
be of inferior grade. Our observations indicate that other factors 
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may also influence consumption and growth on milk diets. These 
may be enumerated as follows: (1) dietary habits (access to stock 
rations and little or no milk during the period preceding the ex- 
periment) make it difficult to get young rats started to consume 
enough milk for normal growth, see Fig. 1, Lot VI; (2), the age and 
vigor of the rats when placed on the milk diet ; and (3) the quality 
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Fig. 2. Growth curves of rats on mineralized milk diets, Experiment M- 
II, 1932. 


and palatability of the milks. The variations in milk consump- 
tion and growth in these experiments are attributed for the most 
part to the first point enumerated. On the other hand, the per- 
sistent subnormal performance of young rats fed on the milk from 
Cows 67 and 68 raises a speculative question as to the quality and 
palatability of the milks. 

It is seen from Tables IT and III that cows ingesting from 0.2222 
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to 3.0251 gm. of fluorine per day gave milk with an average fluor- 
ine content of between 0.1 and 0.2 mg. of F per liter. The lacta- 
tion (first, second, or third) or the period of lactation seemed to 
exert little or no influence upon the fluorine content of the milk 
when wide variations in fluorine ingestion occurred. From these 


Taste ITI 
Fluorine Content of Individual Milks Used in Rat Feeding Experiments 


whe Gan F per liter of milk 

a. AA Aver 

er- 

Range age 

gm mg. mg. 
Cow 61, fed control ration 22-24 | 0.2222 |0.07-0.09| 0.078 
65, “ 0.022 per cent F with grain 22-25 | 0.9779 |0.14-0.22) 0.180 
28-30 | 1.9949 (0. 14-0.18) 0.166 
11-12 | 2.2085 |0.13-0.15| 0.140 

III 


Average Fluorine Content of Milk from Cows Fed Different Levels of Rock 
Phosphate (Three Cows per Lot) 


Caleu- | F per liter of milk 
Wk. of 
lectati aa A 

sctation | ingested | Range Aver 

gm. mg. mg. 
I. Alfalfa basal 5- 8 | 0.3012 |0.10-0.15) 0.133 
II. Timothy basal 11-13 | 0.3094 |0.15-0.17| 0.156 
III. Basal (control) 12-15 | 0.3064 |0.07-0.22) 0.130 
IV. “ + 0.022 per cent F 11-15 | 1.6649 |0.15-0.20) 0.172 
5-10 | 2.5380 (0.11-0.15) 0.126 
+008 « 3- 8 | 3.0825 |0.14-0. 26) 0.192 


data it would seem that the fluorine content of normal milk may 
be expected to lie between the values of 0.05 and 0.25 mg. per liter, 
with an average value of 0.138 mg. per liter. 

The analytical data in Tables II and II] are amply confirmed by 
the fluorine recovered from the body ash of the milk-fed rats. Table 
IV shows the variation in the total fluorine ingested for the ex- 
perimental period and the amount of residual fluorine found in the 


Phillips, Hart, and Bohstedt 


TaBLe IV 
Fluorine Recovery from Body Ash of Rats Fed Milk Diets (Average by Lots) 
Average 
‘otal Average 
i F per rat| F to (dey) 
per rat ingested F iy wt. 
mg. mg. mg. 
Experiment M-I (140 days): 
Lot I, mineralized normal milk from 
Cow 61 (control).................. 0.64 | 0.68* 0.83* 
Lot II, same as Lot I + 0.5 mg. F per 
Lot III, same as Lot I + 1.0 mg. F 
6.76 | 3.33 | 1:2.03 | 4.40 
Lot IV, same as Lot I + 2.0 mg. F 
17.67 | 3.65 | 1:4.84) 5.11 
Lot V, mineralized milk from Cow 
65 (0.022 per cent F).............. 1.11 | 0.52 | 1:2.13] 0.77 
Lot VI, mineralized milk from Cow 
67 (0.044 per cent F).............. 0.76 | 0.52 | 1:1.46] 0.85 
Lot VII, mineralized milk from Cow 
70 (0.088 per cent F).............. 1.50 | 0.63 1:2.38 | 0.77 
Experiment M-II (140 days): 
Lot I, mineralized normal milk from 
Cow 61 (control).................. 0.62 | 0.37 | 1:1.68| 0.476 
Lot II, same as Lot I + 0.5 mg. F per 
4.8 2.94 | 1:1.63] 3.56 
Lot III, same as Lot I + 1.0 mg. F 
7.87 | 6.02 | 1:1.31 7.66 
Lot V, same as Lot I + 2.0 mg. F per 
liter and water ad libitum......... 18.48 | 8.05 | 1:2.30 | 10.33 
Lot VI, mineralized milk from Cow 
65 (0.022 per cent F).............. 1.27 | 0.42 1:3.02 | 0.52 
Lot VII, mineralized milk from Cow 
67 (0.044 per cent F).............. 0.88 | 0.42 | 1:2.10| 0.65 
Lot VIII, mineralized milk from Cow 
68 (0.044 per cent F).............. 0.78 | 0.27 1:2.89 | 0.31 
Lot IX, mineralized milk from Cow 
70 (0.088 per cent F).............. 1.23 | 0.65 | 1:1.89] 0.88 
Lot X, mineralized milk from Cow 
70 and water ad libitum........... 1.44 | 0.41 1:3.51 | 0.46 


* One animal only. 
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body ash. It is seen that amounts of 0.5 to 2.0 mg. of fluorine 
added to normal milk are immediately reflected in an increased 
residual body fluorine which does not appear to be directly propor- 
tional to the fluorine ingested. This would suggest increased 
elimination possibly through renal regulation. There seemed to 
be no difference in residual fluorine in rats fed milk from the cows on 
the control ration and the cows receiving added fluorine. 

During the progress of the milk feeding no evidence of typical 
fluorine toxicosis was apparent. The characteristic bleaching 
effect upon the incisor teeth was entirely absent, and this indi- 
cated at least a very low order of toxicity, if any. 


DISCUSSION 


The diets used in these experiments represent diets furnishing 
as low as 1 to 2 parts of fluorine in 10,000,000. Thus an intake of 
4.5 micrograms of fluorine per rat per day had no demonstrable 
toxic effect. If the amount was increased by the addition of NaF 
sufficient to raise the intake range to 31 to 132.0 micrograms of 
fluorine per rat per day, no effect, stimulatory or otherwise, could 
be detected. These results suggest that these intakes of fluorine 
are apparently harmless and that perhaps a very low range of 
fluorine intake can be tolerated by the animal organism. The 
work of Sharpless and McCollum (5) likewise indicates that low 
levels of fluorine are tolerated by the animal organism, and they 
conclude that fluorine has no essential physiological function. 
Our results are interesting in view of the concept that fluorine has 
an essential role in the animal body because small graded amounts 
of fluorine in the diet did not visibly increase growth in these rats. 

It seems fairly certain from the biological and chemical data 
obtained in these experiments that the fluorine content of milk is 
difficult to influence by dietary means. This does not preclude 
the possibility that the use of a more soluble form of fluoride in 
equal or larger doses would or would not increase the fluorine con- 
tent of milk. It appears that the feeding of rock phosphate as a 
mineral supplement to dairy cattle does not constitute a serious 
source of danger from chronic fluorine toxicosis through the use of 
the milk produced, although the amounts of fluorine fed had a dis- 
tinctly toxic effect upon the cattle themselves (4). 
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SUMMARY AND CONCLUSIONS 


1. Mineralized milk samples from individual cows may cause 
variable milk consumption in rat feeding experiments. The cause 
of such variation is not clear. 

2. No difference was observed in the biological reaction of rats 
fed normal milk as compared with those fed milk from cows receiv- 
ing an added source of fluorine. 

3. Fluorine determinations of milk from cows (see Table III) 
receiving no added fluorine to their normal ration and from those 
receiving added sources of fluorine showed that they were not 
widely different with respect to their fluorine content. The range 
of fluorine in normal milk was found to be 0.05 to 0.25 mg. of F per 
liter with an average value of 0.138 mg. The lactation (first, sec- 
ond, or third) or period of lactation was without effect on the 
fluorine content of the milk. 

4. Fluorine when added to milk diets resulted in a higher residual 
fluorine in the body ash. The storage of fluorine was not propor- 
tional to the total fluorine intake. It seems that a mechanism of 
elimination operates beyond certain threshold limits. No notice- 
able difference was demonstrated between the residual fluorine 
of the body ash of rats fed milk from cows receiving no added source 
of fluorine and those fed milk from cows receiving an added source 
of fluorine. 

5. Diets with traces of fluorine ranging from 4.5 to 132.0 micro- 
grams of fluorine per rat per day produced no detectable toxicosis. 
It appears that these levels of fluorine intake are without effect 
and it seems likely that no stimulation of physiological processes 
can be attributed to small non-toxic doses of fluorine. 

6. The fluorine content of milk is comparatively difficult to in- 
fluence by dietary means. 

7. It is apparent from these data that fluorine in concentrations 
greater than 1 part in 10,000,000 in the diet has no essential fune- 
tion in the metabolism of the rat. 
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BLOOD STUDIES ON FISH AND TURTLES* 


By HARRY M. VARS 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, January 17, 1934) 


The comparative physiology of various species has been receiv- 
ing much attention during the last decade. However, the infor- 
mation upon many of the lower vertebrates is hardly more than 
fragmentary. With the view of supplementing this knowledge, 
the following data are presented upon two fresh-water species of 
fish, Esoxr lucius and Cyprinus carpio, and the turtle, Chelydra 
ser pentina. 


EXPERIMENTAL 


The fish were seined from Cayuga and Seneca lakes and trans- 
ported to a fish pond. A few hours before an experiment they 
were placed in a well aerated laboratory aquarium. Blood was 
obtained by cardiac or bulbous puncture immediately after 
removal of the fish from water. The blood of these forms clots 
with extreme rapidity—so it was quite essential to obtain a rapid 
flow into a syringe containing either potassium or lithium oxalate. 
Blood thus obtained has no chance for contamination with tissue 
fluids. Turtle blood was obtained by severing the neck vessels 
and collecting the blood in an oxalated beaker. 

Hematocrit determinations were made by centrifuging 30 min- 
utes at 3000 R.P.m., 15 cc. graduated tubes being used. When- 
ever blood filtrates were used they were prepared by the method of 
Folin and Wu (1). The following constituents were determined: 


* Data collected during the summer of 1930 as part of a study supported 
by the New York Conservation Commission, under the direction of Dr. 
Emmeline Moore. Facilities for the work were made available through 
the courtesy of Professors Maynard and McCay, Laboratory of Animal 
Nutrition, Cornell University. 
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non-protein nitrogen (2), urea plus NH;-N (1), urie acid (3), 
chlorides (4), and total plasma and serum nitrogen (2). Material 
was available for duplicate determinations in nearly all instances. 


TABLE 
Concentration of Blood Constituents in Fish and Turtle Blood 
s s 
vols. mg. mg. mg. mg. mq. mg. mq. 
kg. per per per ; per | per | per 
cent | 100 cc. | 100 ec. | 100 ce.\ 100 ce.| 100 ce. | 100 ec. | 100 cc. 
Pike (9)* | (5) | (4) (4) | (4) | (5) | (3) (2) 
1.7 | 27 | 58.8) 49 | 0.9 | 487 | 568 457 
Maximum........ 2.6 | 33 | 60.7] 7.7! 1.6 | 552 | 644 465 
Minimum........ 11 16 | 57.1} 2.6 | 0.2 | 403 | 486 450 
Carp I (7) | (5) | (19) | (19) | (19) | (19) | (7) | (2) | (2) 
eee 2.9 | 32 | 59.4) 6.3] 1.41 477 | 629 | 525 | 495 
Maximum........ 5.0 | 44 | 98.9) 9.0! 5.2} 790 | 706 | 755 | 509 
Minimum........ 16 | 25 | 26.0} 3.0] 0.2 | 399 | 558 | 365 | 481 
Carp IIt 6) 6) | (3) 
15 | 39 | 64.9] 8.5] 1.6 | 594 479 
Maximum........ 2.3 | 47 | 86.4; 11.0 | 2.1 | 607 529 
Minimum........ 0.7 | 2 | 49.7) 5.3] 1.2] 540 408 
Bullheadt 26 | 41.0) 2.0/1.3 | 485 
Snapping turtles (6) | (9) (9) | (9) | (9) (8) | (8) 
1.8 | 22 | 119.6} 45.4 | 2.0 | 383 740 | 639 
Maximum........ 2.6 | 27 | 158.0} 63.8 | 3.1 | 460 862 | 748 
Minimum........ 0.7 | 11 | 84.1] 35.2] 1.2 | 308 636 | 465 


* The number of fish and turtles upon which the mean value is based is 
placed in parentheses. 

+ These fish exposed individually in a well aerated aquarium to a solution 
(26 liters) containing 149 mg. of NH; (as (NH,).CO;) per liter. Tempera- 
ture 26°. Respiratory paralysis occurred in 18 to 44 minutes, at which time 
the sample was taken. 

t Pooled sample from ten fish. 


Other data on many of these same blood samples, e.g. glucose, 
cell counts, and iron and phosphorus distribution, have been 
reported by McCay (5). 

All observations are recorded in Table I. In a study of the 
toxicity of ammonium salts to fish (6) blood was available from 
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several specimens. ‘These have been listed separately in Table | 
(Carp II). One pooled specimen of blood from the bullhead, 
Ameiurus nebulosus, is also included for comparison. 


Results 


The three forms studied represent species of widely different 
food habits and activities. The two species of fish show a close 
parallelism in the concentration of constituents determined. 
This is characterized by a relatively high non-protein nitrogen, a 
very low concentration of urea, and plasma nitrogen. Wilson and 
Adolph (7) have shown a high concentration of amino nitrogen 
present in the blood of fresh-water fish, constituting some 60 to 
80 per'cent of the total non-protein nitrogen. The total nitrogen of 
plasma and serum indicates a low level of blood proteins. Insuffi- 
cient material was available to determine the actual protein con- 
centration. Lepkovsky’s (8) data on marine fish show that the 
protein content of the blood is low, and may vary widely. 

The snapping turtle is of a different species. The composition 
of its blood varies from that of the two species of fish studied, 
particularly in the large amount of non-protein nitrogen, the high 
urea plus ammonia fraction, and the lower level of chlorides. 
That the high urea plus ammonia fraction consists predominantly 
of urea is shown by the recent results of Mozolowski and Mann 
(9). Their data are in essential agreement with the values 
reported here. 
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THE CHEMISTRY OF THE COFFEE-BEAN 


Il. THE COMPOSITION OF THE GLYCERIDES OF THE COFFEE- 
BEAN OIL* 


By R. O. BENGIS anp R. J. ANDERSON 
(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, February 5, 1934) 


INTRODUCTION 


In connection with an investigation of the composition of the 
coffee-bean, which is under way in this laboratory, we have devoted 
some time to a study of the ether-soluble constituents of coffee. 
We have shown in an earlier publication (1) that the unsaponifiable 
matter of the coffee-bean oil consists largely of a crystalline sub- 
stance named kahweol and that ordinary phytosterol is only pres- 
ent in small amounts in this fraction. 

The present report deals with the composition of the oils ob- 
tained by extraction from the natural raw bean, the freshly roasted, 
and the roasted stale coffee-bean, and with the component fatty 
acids of the glycerides. It was hoped that such comparative 
examinations, identical methods and a uniform mixture of coffee 
being used, might yield information of some value. 

While a number of earlier investigations on the composition 
of the fat obtained from both raw and roasted coffee have been 
published, it is apparent from the summaries given in Lewko- 
witsch (2) and Griin (3) that the available information is not only 
meager but in some cases conflicting. It was first shown in 1837 
by Robiquet and Boutron (4) that the coffee-bean contained about 
10 per cent of fat which could be extracted with ether. From that 
time until the end of the past century various reports dealing with 
coffee fat were published by Rochleder (5), Cech (6), De Negri and 
Fabris (7), Hilger and Tretzel (8), Hilger (9), Spiith (10), Herfeldt 
and Stutzer (11), and by Warnier (12). In most cases these in- 


* This work has been supported by a grant from Standard Brands Incor- 
porated, New York. 
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vestigators reported the determination of certain constants and 
partial analyses of the fat but few attempts in the modern sense 
were made to isolate or identify individual fatty acids. Juckenack 
and Hilger (13), however, made an extensive study of the fat ob- 
tained from various kinds of coffee, both raw and roasted, and 
concluded that the fat consisted largely of glycerides of oleic acid 
and that only minor quantities of palmitic and stearic acids were 
present. These authors also isolated a phytosterol from the un- 
saponifiable matter. Although not concerned with the fat, we 
wish to mention a publication by Erdmann (14) in 1902, in which 
the properties of an oil which is volatile with steam are described, 
after which the next paper of importance, by Meyer and Eckert 
(15), appeared in 1910. These authors carried out a more careful 
fractionation of the acids obtained from the fat of decaffeinized 
coffee and reported about 40 per cent of saturated fatty acids con- 
sisting of capric, palmitic, daturic, and carnaubic acids while the 
unsaturated acids consisted of oleic acid 2 per cent and linoleic acid 
50 per cent. More recently von Noél (16) has published the re- 
sults of an extensive investigation on the composition of the fat 
obtained from several kinds of coffee. 

Our determinations of the constants of the coffee-bean oil are in 
substantial agreement with the older published data. In regard 
to the component fatty acids, we have, however, made some new 
observations which are of interest. We found that the coffee oils 
which we examined contained about 22 per cent of oleic acid and 
about 25 per cent of linoleic acid. In addition to these two acids, 
we found in the liquid acid fraction an unsaturated hydroxy acid 
of high molecular weight which was optically active. The satu- 
rated fatty acids amounted to nearly 40 per cent of the total acids 
and they consisted principally of palmitic acid but contained also 
small amounts of stearic acid and a tetracosanic acid similar to the 
carnaubic acid mentioned by Meyer and Eckert. 

The oil contains a very small amount, about 0.1 per cent, of 
phosphatide which can be precipitated by acetone. 

As shown by Meyer and Eckert, the oil is levorotatory. We 
found the specific rotation to be about —17°. The optical activity 
is due to the presence of kahweol, sterols, and the above mentioned 
unsaturated hydroxy fatty acid. 


| 
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General Procedure 


A lot of green coffee-beans, representing an average blend, was 
chosen for this investigation. The mixture contained 40 per cent 
of Brazilian Santos; 50 per cent Columbian Medellin, Bogota, and 
Bucaramanga; and 10 per cent Venezuelan Maracaibo species. 
This material was divided into three portions. One portion weigh- 
ing 10 kilos was used for the extraction of the green bean fat. The 
other two lots were roasted. One lot of the roasted beans weigh- 
ing 9 kilos was extracted immediately and the oil was designated 
fat from freshly roasted coffee. The other lot of roasted coffee 
was stored in a paper sack within a cardboard carton and allowed 
to age for 16 months before the fat was extracted. The oil ob- 
tained from 8 kilos of this material was designated fat from roasted 
stale coffee. 

The extraction of the fat was carried out without previous dehy- 
dration of the coffee, to eliminate any possible chemical changes in 
this operation, in a large Soxhlet type extractor with petroleum 
ether as an initial and ethyl ether as a subsequent solvent. The 
temperature of the extract was kept below 60°. On completion 
of each extraction, the extracts were dried over sodium sulfate 
and the solvent distilled off in an inert atmosphere of carbon dioxide 
or nitrogen. In all subsequent operations, air was excluded as 
far as possible by the use of these inert gases and all solvents were 
freshly distilled. 

The lipids were treated with acetone to remove the phospholipids 
after which the acetone-soluble fat was recovered and saponified 
by refluxing with an excess of 5 per cent alcoholic potassium hy- 
droxide solution. The soap solution was partially concentrated, 
diluted with water, and extracted with ether. The solvent was 
distilled off and the residue was again refluxed with alcoholic po- 
tassium hydroxide, the unsaponifiable matter being extracted with 
ether as before. 

The soap solution was acidified with hydrochloric acid and the 
fatty acids were extracted with ether. After the fatty acids had 
been removed, the aqueous solution containing the water-soluble 
constituents was evaporated to dryness under reduced pressure 
and extracted with absolute alcohol for the removal of glycerol. 

The mixed fatty acids were separated into liquid and solid com- 
ponents by the lead soap-ether method of Gusserow (17) and 
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Varrentrapp (18). A portion of the liquid acids was used for the 
determination of the iodine number (Hanus), and for the prepara- 
tion of the bromine derivatives. The main lot of the liquid acids 
was hydrogenated (19) and the reduction product was purified by 
crystallization. The solid fatty acids were converted into methyl 
esters and the latter were carefully fractionated at a pressure of 
approximately 1.0mm. The purest fractions were then saponified 
and the free acids were recrystallized and identified by determining 
their melting points and molecular weights by titration. From 
the results so obtained, the percentage composition of the esters, 
and hence the acids was approximated. 


TaBLe I 
Yields of Extracted Fat Calculated on Original and Dried Weights of Coffee 


Petroleum ether Ether Total 


Original |, Dried | Original Dried Original Dried 
weight weight weight weight weight weight 


per cent per cent per cent per cent per cent per cent 


De 10.75 | 11.94 | 2.50 | 2.77 | 13.25 | 14.71 

Freshly roasted...... 14.33 | 14.56 | 1.52 | 1.54 | 15.85 | 16.10 

Aged, _ gee: 12.96 | 13.78 | 2.06 | 2.19 | 15.02 | 15.97 
EXPERIMENTAL 


Before extraction, the loss at 105° was determined on the green, 
freshly roasted, and aged roasted coffee with the following results: 
10.00, 1.62, and 5.29 per cent respectively. Table I presents the 
yields of fat obtained calculated on the original and dried weight 
basis. 

Taking into account the loss caused by destructive distillation 
during the roasting of the green beans, we find the yield of fat 
rises to 16.10 per cent, which closely agrees with the amount found 
in the roasted coffee. This fact is interesting because some in- 
vestigators have stated that fat is formed, while others claim that 
much fat is decomposed in the roasting process (13). 

The fat from the green bean was a fluorescent brownish red 
viscous oil and possessed an odor and taste similar to that of the 
raw bean. The fats from the fresh and stale roasted bean were 
very dark brownish red in color with slight fluorescence. The 
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odor and flavor, however, were decidedly different in the two, being 
fragrant and pleasant in the case of the former while the stale fat 
was musty and rancid. 

Since petroleum ether extracted the major portion of the fat in 
every case (over 80 per cent), the subsequent data refer only to 
the lipids so obtained. 

Phospholipids 

The amount of acetone-insoluble matter which was obtained 

from the three types of fat was very small varying from 0.1 to 0.2 


per cent. All gave qualitative tests for phosphorus and nitrogen. 
The substance isolated from the stale coffee fat contained 3.84 per 


TaBLe II 
Constants of Acetone-Soluble Fat 
Green Freshly Stale, 
bean roasted 6 mos, roasted 
later* 

Iodine No. (Hanus)............... 97.80 96.05 95.00 95.65 
Saponification No................. 179.30 | 172.08 | 171.21] 171.90 
Reichert-Wollny No............... 0.56 0.86 2.39 1.97 
[a]p in CHCI;, degrees.............. —17.01 —18.11 | —17.82 


* This fat had been allowed to stand at room temperature for 6 months 
in a glass-stoppered bottle under an inert gas before these determinations 
were made. 


cent of phosphorus and 0.89 per cent of nitrogen. No further 
investigation was made on this material. 


Acetone-Soluble Fat 


Analytical Constants—Table II gives the various constants 
obtained on the acetone-soluble fat according to the official meth- 
ods (20). 

It appears that there is a distinct increase in the water-soluble 
volatile acids on ageing of the fat either in isolated or “‘in situ’ 
form. Otherwise the constants are very closely alike. The fat 
from the roasted stale coffee possessed, asalready stated, a decidedly 
unpleasant rancid or musty odor. We believe that the deteriora- 
tion in aroma and flavor of roasted coffee on ageing is due, in part 
at least, to oxidative changes of volatile aromatic constituents and 
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of the unsaturated fatty acids resulting in the formation of lower 
volatile acids which possess a disagreeable odor. 
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Fig. 1. Combination filtering apparatus for use with suction or pressure. 


The drawing of the apparatus is one-third its actual size. The filter plates 
as drawn are one-sixth their actual sizes. 


Saponification—The yields obtained on the saponification of 200 
gm. of the various fats were quite similar. The unsaponifiable 
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matter amounted to 9.0, 10.2, and 9.65 per cent, while the mixed 
fatty acids obtained were 86.5, 87.0, and 86.75 per cent of the 
green, fresh, and stale fat, respectively. An acetyl value of the 
saponifiable acids obtained from the fat of the stale roasted coffee- 
beans was found to be 11.45. 

Unsaponifiable Matter—The discussion of this fraction was given 
in a previous paper (1) and will not be considered here. 

Separation of Fatty Acids—The mixed fatty acids varying from 
156 to 161 gm. in weight were separated into liquid and solid frac- 
tions by the lead soap-ether treatment obtaining in the case of the 
green bean 52.3 per cent liquid and 39.4 per cent solid; in the case 
of the freshly roasted, 54.4 per cent liquid and 37.5 per cent solid; 
and with the stale roasted, 54.4 per cent liquid and 37.4 per cent 
solid acids. The iodine numbers of the solid acids, determined 
by the Hanus method, were found to be about 5.0. 

In this separation, a special combination filtering apparatus (see 
Fig. 1) designed and constructed in this laboratory was very 
successfully used for the filtration of the ether suspension of lead 
salts. With this unit, it is possible to filter, either by pressure or 
vacuum in absolute absence of air and in the presence of an inert 
gas, thus eliminating dangers of oxidation or evaporation of sol- 
vent. Moreover, the three interchangeable filter disks allow the 
filtration of small, medium, and large volumes without the dis- 
advantages of spreading the suspension over large surfaces. 

Examination of Liquid Acids 

The liquid fatty acids had a slight levorotation of 0.60° and con- 
tained some substance which was insoluble in petroleum ether. 
The liquid acids were therefore treated with large volumes of cold 
petroleum ether whereupon the insoluble matter separated as a 
semisolid mass and was removed. All efforts to crystallize this 
substance from the usual organic solvents or their combination 
failed. Lead, silver, copper, mercury, and barium salts were pre- 
pared but none of them could be obtained in crystalline form. 
The substance was evidently a hydroxy fatty acid. It was soluble 
in ethyl acetate and acetone, slightly soluble in ether, and incom- 
pletely soluble in benzene. It had a specific rotation in methanol 
of —41.14°, an iodine number of 60.81, and an approximate molec- 
ular weight by titration of between 528.7 and 545.2. Catalytic 
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reduction under 40 pounds of hydrogen pressure for 19 hours gave 
a red viscous oil with an iodine number of 29.53 and approximate 
molecular weight of 510.4. This substance still resisted purifica- 
tion and it gave an acetyl value of 82.7. 

A reduction with hydriodic acid was carried out on 1.0 gm. of 
this partially reduced acid as described by Crowder and Anderson 
(21). An acid crystallizing in colorless plates and melting at 84° 
to a clear oil was obtained along with stearic acid. There was in- 
sufficient material on hand to identify the former but stearic acid 
was positively identified by mixed melting point. 

From the collected observations it appears that this petroleum 
ether-insoluble substance is a conjugated acid made up of higher 
unsaturated hydroxy acids, one of which belongs to the Cs series. 

Catalytic Reduction of Liquid Acids—The purified liquid acids 
in amounts of 25 to 70 gm. were dissolved in ethyl alcohol, treated 
with 0.2 gm. of platinum oxide, and subjected to hydrogen under 
about 5 to 6 pounds pressure. The acids reduced smoothly and 
the reduction product after recrystallization from alcohol appeared 
entirely as colorless plates melting at 70—71° to a clear oil. 


Titration—0.8304 gm. substance required 29.27 cc. 0.1 Nn KOH 
CisHO2. Calculated, mol. wt. 284.0; found, mol. wt. 283.7 


Like results were obtained with the liquid acids of the three types 
of fat, indicating that the unsaturated acids were of the Cis series. 

Bromination of Liquid Acids—A petroleum ether solution of 5.0 
gm. of the purified liquid acids was prepared, cooled in a freezing 
mixture to —10°, and slowly treated with an excess of bromine 
dissolved in petroleum ether. 4.55 gm. of an insoluble, colorless 
bromide were obtained which melted at 114°. This agrees with 
the melting point of tetrabromostearic acid and the weight is 
equivalent to 42.47 per cent of linoleic acid. This percentage, 
however, is lower than the true value owing to partial solubility of 
the bromide. 


Analysis—0.1931 gm. substance: 0.2413 gm. AgBr 
C,sH;,0.Br;. Calculated, Br 53.33; found, Br 53.17 


From the above analysis it is evident that no higher bromides 
are present and the liquid acids consist of a mixture of linoleic and 
oleic acids. Like observations were made in the cases of all three 
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fats and since only the two acids are present, it is possible by cal- 
culation from the iodine numbers of the purified mixed liquid acids 
according to the formula given in Griin, to obtain the percentages 
of oleic and linoleic acids given in Table III. 


Examination of Solid Fatty Acids 


The purified solid fatty acids from the green bean fat weighing 
61.5 gm. melted at 55° and solidified at 52°. On titration in alco- 
holic solution, a molecular weight of 265.2 was obtained, thus indi- 
cating a mixture of acids. 57.0 gm. of the acids from the freshly 
roasted coffee bean fat melted at 55-56°, solidified at 53-52°, and 
gave a molecular weight of 266.5 by titration, while the corre- 
sponding fraction from the stale bean fat weighed 55.0 gm., melted 
at 55-56°, solidified at 54-54.5°, and gave a molecular weight of 
270.34 by titration. Mixtures were therefore present in all three 


TaB_e III 
Iodine Numbers and Yields of Components of Liquid Unsaturated Acids 


Green bean F a ly Stale, roasted 


Iodine No. (Hanus)................ 138.0 143.25 138.43 
Linoleic acid, per cent.............. 52.7 58.47 53.18 
Oleic acid, per cent................ 47.3 41.53 46.82 


cases and a fractionation of the methyl esters produced from 55 
to 57 gm. of the acids was carried out to determine the approxi- 
mate percentages of the constituents. 

In all distillations, a trap cooled with alcohol and solid carbon 
dioxide was installed between the main receiver and the vacuum 
pump to capture any more volatile distillate. Only in the case of 
the freshly roasted coffee bean fat was a very small amount of sub- 
stance obtained in this trap, but the quantity was too small for 
identification. Preliminary examinations of the fractions from the 
first distillation were made by determining the refractive indices 
with n® = 1.4260 for methyl palmitate and n® = 1.4300 formethyl 
stearate as given by Newman and Anderson (22). From these 
results, the proper fractions were combined and refractionated. 
The purest fractions were then saponified and the free ‘acids re- 
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crystallized. The palmitic acid which was obtained was pure and 
melted at 62.5-63.5°. 


Titration—0.2485 gm. substance required 9.71 cc. 0.1 n KOH 
CisH3202. Calculated, mol. wt. 256.0; found, mol. wt. 255.8 


The stearic acid was usually accompanied by a slight amount of 
the higher acid which depressed the melting point to 65°. 


Titration—0.2958 gm. substance required 10.25 ee. 0.1 n KOH 
CisHssO2. Calculated, mol. wt. 284.0; found, mol. wt. 288.6 


The tetracosanic acid is described below. 
The results obtained from all the fractional distillations are 
summed up in Table IV. As previously stated, the percentages 


TasBie IV 
Percentages of Component Acids in Mixture of Solid Acids 
Green bean eee Stale, roasted 
0.00 Trace 0.00 
84.70 77.91 75.11 
11.20 16.93 19.81 
Tetracosanic acid.................. 4.10 4.81 5.08 


were approximated by calculation from the molecular weight de- 
terminations of the various fractions. 

The presence of a higher fatty acid, carnaubic acid, was reported 
by Meyer and Eckert (15) as occurring in coffee fat. In searching 
for this acid we examined the residual fractions of the esters which 
remained after the first distillations. In every case a higher acid 
ester was found but the amount of the erude substance was only 
between 0.85 and 1.2 gm. in weight. After the esters had been 
saponified, the acids were isolated and purified by repeated crys- 
tallizations. The melting points varied from 74-78° and the 
molecular weights from 360 to 364. 

In order to obtain more information about this higher saturated 
acid, another isolation of this substance was performed on 684 gm. 
of mixed saponifiable acids obtained from green bean fat. The 
residual fraction from the distillation of the methyl esters weighed 
13.2 gm. from which 10.2 gm. of the crude acid were obtained. 
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After recrystallizing the crude acid three times from acetone, five 
times from benzene and methy] alcohol, and eight times from ether, 
a pure white acid was obtained which melted at 76.5-78°, solidified 
at 76.5°, and remelted at 78°. This top fraction weighed 0.6 gm. 


Titration—0.5212 gm. substance required 14.23 cc. 0.1 n KOH 
CxH4s02. Calculated, mol. wt. 368.0; found, mol. wt. 366.4 
Analysis—15.3 mg. substance: 17.9 mg. H,O and 43.8 mg. CO, 


16.63 “ 19.6 “ “ 47.8 
CxHysO2. Calculated. H 13.04, C 78.26 
Found, “ 13.14, “ 78.25 
TABLE V 
Analyses of Fats Extracted from Coffee with Petroleum Ether 

= 

Total fat extracted, per cent................... 81.1 90.4 86.3 
97.8 96.05 95.65 
Specific rotation, —17.01 —17.82 
Unsaponifiable matter, per cent................ 9.0 10.2 9.65 
Total Tatty por 86.5 87.0 86.75 
52.3 54.4 54.50 
Linoleic acid, per cent. .........ccccccesees 25.2 29.5 27.00 
22.6 20.9 23.76 
Petroleum ether-insoluble, per cent......... 4.5 4.0 3.76 
0.0 | Trace 0.00 
Palmitic acid, per cent..............see000: 33.4 29.2 28.10 
Tetracosanic acid, per cent................. 1.6 1.8 1.90 
Acetone-insoluble phosphatide, per cent........ 0.1 0.08 0.21 


From the mother liquors 7.5 gm. of acid were recovered which 
gave a molecular weight of 353.67 by titration. Assuming that 
only Cy and Cig acids are present, the titration value would 
indicate that the material consists principally of tetracosanic 
acid. 

It is evident from the above findings that the so called carnaubic 
acid melting at 74° described in the literature as obtained from 
coffee-bean fat was not purified to a constant melting point. 
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Identification of Glycerol 


The residues obtained from the aqueous solutions which re- 
mained after the removal of the unsaponifiable and saponifiable 
matter were tested for glycerol by fusion with acid potassium sul- 
fate. In all three cases a distinct acrolein formation occurred 
indicating the presence of glycerol. 

The dark residue was heated at a pressure of 2 mm. and 93 per 
cent of the weight of the crude substance distilled as a pale yellow 
viscous liquid at a temperature of 145-150°. 2 gm. of this syrup 
were benzoylated according to the method of Einhorn and Hollandt 
(23). The reaction product was recrystallized from absolute 
methyl alcohol from which beautiful colorless prismatic needles 
were obtained which melted at 75-76° and showed no depression 
of the melting point when mixed with authentic glycerol triben- 
zoate. The results indicate that glycerol is the chief water-soluble 
constituent of the acetone-soluble fat of coffee. 

Table V was compiled for comparative study of the composition 
of the three types of fat. The percentages of the individual liquid 
and solid acids have been calculated back to the weights of the 
mixed crude fatty acids which were obtained. It will be noted 
that there is a slight lowering of the iodine number and a decided 
increase in the volatile acids as indicated by the Reichert-Wollny 
number in the fat from the stale roasted coffee. The percentages 
of linoleic and oleic acids were derived by calculation from the 
iodine numbers of the liquid acids, after the petroleum ether- 
insoluble hydroxy acid had been removed; hence the slight differ- 
ences can hardly be regarded as having special significance. 


SUMMARY 


1. There is no appreciable loss or change in the amount of fat 
of coffee-beans on roasting or ageing. 

2. The fragrant odor and flavor of the fat from freshly roasted 
coffee disappears on ageing and is replaced by an unpleasant rancid 
odor. 

3. A distinct increase in the water-soluble volatile acids occurs 
in the fat from the stale roasted beans. 

4. The unsaturated fatty acids, representing about 52 to 54 per 
cent of the total acids, are composed approximately of equal parts 
of oleic and linoleic acids. 
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5. The solid saturated fatty acids are composed mainly of 


palmitic acid, but small amounts of stearic acid and a tetracosanic 
acid are also present. 


6. An unsaturated, optically active, hydroxy acid of high m»lec- 


ular weight was present in all of the three fats examined. 


BIBLIOGRAPHY 


. Bengis, R. O., and Anderson, R. J., J. Biol. Chem., 97, 99 (1932). 
. Lewkowitsch, J., Chemical technology and analysis of oils, fats and 


waxes, London, 6th edition, 2, 381 (1922). 


. Griin, A., Analyse der Fette und Wachse, Berlin, 2, 348 (1925). 
. Robiquet and Boutron, J. Pharm., 101 (1837). 


Rochleder, F., Ann. Chem. u. Pharm., 50, 224 (1844). 
Cech, C. O., J. prakt. Chem., 22, 395 (1880). 


. De Negri, G., and Fabris, G., Z. anal. Chem., 33, 547 (1894). 

. Hilger and Tretzel, Forschungsber. Lebensmittel, 1, 42 (1893). 

. Hilger, A., Chem.-Ztg., 776 (1895). 

. Spith, E., Chem.-Ztg., Ref., 292 (1895). 

. Herfeldt, E., and Stutzer, A., Z. angew. Chem., 469 (1895). 

. Warnier, W. L. A., Apoth.-Zig., 22, 919 (1907); Z. Untersuch. Nahrungs- 


u. Genussmittel, 18, 616 (1909). 


. Juckenack, A., and Hilger, A., Forschungsber. Lebensmittel, 4, 119 (1897). 
. Erdmann, E., Ber. chem. Ges., 35, 1846 (1902). 

. Meyer, H., and Eckert, A., Monatsh. Chem., 31, 1227 (1910). 

. von Noél, L., Pharm. Zentralhalle, 70, 69 (1929). 

. Gusserow, C. A., Pharm. Zentr., 145 (1830). 

. Varrentrapp, F., Ann. Chem., 35, 196 (1840). 

. Voorhees, V., and Adams, R., J. Am. Chem. Soc., 44, 1397 (1922). 

. Official and tentative methods of analysis of the Association of Official 


Agricultural Chemists, Washington, 2nd edition (1925). 


. Crowder, J. A., and Anderson, R. J., J. Biol. Chem., 97, 393 (1932). 
. Newman, M. S., and Anderson, R. J., J. Biol. Chem., 102, 219 (1933). 
. Einhorn, A., and Hollandt, F., Ann. Chem., 301, 101 (1898). 


| 
4 | 
| | 
6. 
8 
9 
12 
13 
14 
15 
16 
17 | 
18 
19 
| 
22 
| 
| 
| 
| 
| | 
| 


XUM 


d-RIBITOL-5-PHOSPHORIC ACID 


By P. A. LEVENE, STANTON A. HARRIS, anp ERIC T. STILLER* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, February 7, 1934) 


To the d-ribosephosphoric acid obtained from yeast guanylic 
and adenylic acids the structure of d-ribose-3-phosphoric acid has 
been assigned by Levene and Harris.!. The principal argument in 
favor of this conclusion is the fact that the substance formed an 
optically inactive ribitolphosphoric acid on reduction. It was 
realized, however, that the magnitude of the specific rotation of the 
polyhydric alcohols is very small and that the rotation of a ribitol 
substituted in a position other than (3) may possess an optical 
activity too small to be detected. It was therefore desirable to 
prepare the ribitolphosphoric acids having the phosphoric acid 
residue in positions (4) and (5) respectively in order to compare their 
optical activities with that of the previously described substance. 

The present communication deals with the preparation of 
d-ribitol-5-phosphoric acid. This substance, in distinction to the 
ribitol-3-phosphorie acid previously described, was optically 
active, ({a]22 = —8.9° in aqueous solution and [a]? = —6.4° in 
half-saturated borax solution). The rotation of the original 
d-ribose-5-phosphorie acid was [a]?? = +14.8° in water and 
+29.6° in half-saturated borax solution. 

It may be mentioned here that the starting material was made 
more accessible by the synthesis of d-ribose-5-phosphorie acid 
by Levene and Stiller.2. The synthetic substance was used for the 
present investigation. 

Occasion was taken to compare the synthetic-d-ribose-5-phos- 
phorie acid with that obtained from inosinic acid in respect to 

* Commonwealth Fund Fellow. ‘ 

! Levene, P. A., and Harris, 8. A., J. Biol. Chem., 98, 9 (1932); 101, 419 
(1933). 

2 Levene, P. A., and Stiller, &. T., J. Biol. Chem., 104, 299 (1934). 
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their rates of glycoside formation. Evidence was thus secured 
that both substances formed methylfuranosides only, as was to be 
expected on the basis of the structure previously assigned to them. 


EXPERIMENTAL 


Ribitol-5-Phosphoric Acid—4 gm. of amorphous synthetic ribose- 
5-phosphoric acid were dissolved in 100 ce. of water and reduced 
with hydrogen at a pressure of 3 atmospheres in the presence of 
0.5 gm. of Adams’ catalyst. The reduction was complete at the 
end of 16 hours as shown by the absorption of the theoretical 
amount of hydrogen and by the absence of reducing action towards 
boiling Fehling’s solution. The solution was filtered, the filtrate 
evaporated to a small volume, and treated with an equal volume of 
absolute alcohol. The precipitated product was filtered off, 
washed with absolute alcohol, and dried. Yield 3.2 gm. (80 per 
cent of the theoretical). Analysis showed that it had the composi- 
tion of barium ribitolphosphate. 


9.195 mg. substance: 5.600 mg. CO., 2.470 mg. H.O 


5.380 “ : 30.860 “ ammonium phosphomolyhdate 

99.110 “ “ : 62.050 “ BaSO, 
C;H,,OsPBa. Calculated. C 16.33, H 2.99, P 8.44, Ba 37.40 
Found. “ 16.60, “ 3.00, “ 8.33, “ 37.11 


The specific rotation of the sodium salt of ribitol-5-phosphoric 
acid was observed in the following manner.- 0.25 gm. was dis- 
solved in 2 ce. of water and treated with 2 cc. of a solution con- 
taining an exact equivalent (0.0722 gm.) of sodium carbonate. 
This was shaken thoroughly, made up to a volume of 5 cc., and 
centrifuged. The specific rotation was as follows: 

—0.67° X 100 


2 
lalp 3.78X2 8.9° (in water) 


The solution was diluted with an equal volume of saturated 
borax solution. The rotation of this solution was 
—0.24° x 100 


la]> = B.78/2) x2 = —6.4° (in borax solution) 


Influence of Borax on Rotation of Sodium Ribose-5-Phosphate— 
0.312 gm. of crystalline barium ribose-5-phosphate (containing 5 


Levene, Harris, and Stiller 155 


moles of water) was dissolved in 2 ec. of water and a solution of 
1 equivalent of sodium carbonate in 2 cc. of water was added. 
The volume was then made up to 5 cc., and the precipitate re- 
moved by centrifuging. The specific rotation (calculated as the 
anhydrous sodium salt) was as follows: 


+1.11° X 100 


3.75 X2 = +14.8° (in water) 


la]l5 = 


This solution was then diluted with an equal volume of saturated 
borax solution and the rotation again observed. 


+1.11° X 100 


(8.75/2) X2 +29.6° (in borax solution) 


= 

Glycoside Formation of Ribose-5-Phosphoric Acid—The identity 
of the synthetic with the natural ribose-5-phosphoric acid was 
further established by comparison of their specific rotations in 
methyl alcohol containing 0.5 per cent of hydrogen chloride after 
allowing for the formation of barium chloride. After heating 
these solutions at 50° during about 60 minutes their rotations 
reached a maximum and then remained constant. This showed 
that only the furanoside was formed, thus verifying the conclusion 
that the phosphoryl group occupies position (5). 

0.628 gm. of the synthetic hydrated barium ribosephosphate 
was dissolved in 20 ce. of methyl alcohol containing 0.2 gm. of 
hydrogen chloride (approximately 0.5 per cent methyl alcoholic 
hydrogen chloride after allowing for the formation of barium 
chloride). 

0.1390 gm. of natural crystalline barium ribose-5-phosphate was 
dissolved in 5 ec. of methyl alcohol-hydrogen chloride containing 
0.5 per cent excess hydrogen chloride. These two solutions were 
heated at 50° and their rotations taken at frequent intervals. 
Barium chloride which separated on heating was removed by 
centrifuging. The results are given in Table I. 

During the first 15 minutes at 50° there is a very rapid change in 
rotation which is unobserved unless intermediate readings be taken. 
However, this change in rotation may be observed at room tem- 
perature if readings are taken at 3 to 4 minute intervals. It 
rapidly falls for the first 20 to 25 minutes, to about —2°, and then 
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rises more slowly to the constant maximum in 5 to 6 hours. An 
accurate check on this initial change in rotation between the 
synthetic and natural ribose-5-phosphoric acids was not obtained 
because of the lack of the latter material. However, it was 
observed that they both behaved similarly. 


TABLE I 


Rotations of Natural and Synthetic Ribose-5-Phosphoric Acids in Methyl 
Alcohol Containing Hydrogen Chloride 


26 
Time [« Time [a 

synthetic natural 
min, degrees min. degrees 
2 +17.0 3 +20.2 
15 +14.3 15 +9.9 
30 +16.8 30 +15.7 
60 +20.6 45 +21.5 
100 +21.6 60 +21.1 
195 +21.2 180 +21.1 


THE ACIDITY OF FORMALDEHYDE AND THE END- 
POINT IN THE FORMOL TITRATION 


By MILTON LEVY 


(From the Department of Chemistry, University and Bellevue Hospital Medi- 
cal College, New York University, New York) 


(Received for publication, December 14, 1933) 


Two factors are involved in a systematization of the formol 
titration. The first of these factors is the titration constant of 
the amino acid in formaldehyde solution. This aspect has been 
discussed in a previous paper (4) for certain of the monoamino 
acids. The basic amino acids will be treated later. The second 
factor is the behavior of the solvent on the addition of strong 
alkali, just as the behaviay of water in the same condition must be 
considered in the titration of weak acids. The present paper 
describes the titration of formaldehyde solutions with strong 
alkali and contains a discussion of the application of the data to 
the formol titration. 

The acidity of commercial formalin is often ascribed to the 
presence of carboxylic acids, particularly formic acid, as impurities. 
Simple observations of the color changes of phenolphthalein in the 
titration of formalin with alkali show a distinct buffering power 
in its range (8.4 to 10) where carboxylic acids do not buffer. The 
same behavior is shown by pure formaldehyde solutions which do 
not contain carboxylic acids. It is evident that formaldehyde 
is itself a sufficiently strong acid to account for a measurable 
amount of alkali at the concentrations used in the formol titration. 

The quantitative aspect of the reaction with alkali is dependent 
on the dissociation constant of the aldehyde and the determina- 
tion of this constant should lead to useful formulations for cal- 
culating the alkali bound by formaldehyde, if this be desirable. 
In addition, the accuracy of the titration of amino acids is largely 
determined by the sharpness of the end-point, or by the steepness 
of the titration curves near the end-point. This in turn depends 
on the relative amounts of alkali bound by the amino acid and 
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by the solvent. The data can therefore be used to show the most 
favorable conditions for accurate titration and the inherent limi- 
tations of the system as a quantitative method. 

Euler and Euler (2) estimated a first dissociation constant of 
formaldehyde at about 10-“ and believed that they had evidence . 
for a second dissociating H ion. Their estimate was based on a 
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Fig. 1. The titration curves of formaldehyde at various concentrations. 
Ordinate pH; abscissa NaOH added in milli-equivalents per liter. The 
figure above each curve gives the formaldehyde concentration in moles 
per liter. 


comparison of the freezing points of alkali-formaldehyde mixtures 
with those of urea-nitric acid mixtures and the dissociation con- 
stants of urea given by Walker and Wood (8). The actual con- 
centrations of formaldehyde were determined from freezing points 
rather than by analysis. The experiments may be taken as dem- 
onstrating a reaction between alkali and formaldehyde but the 
constant is not accurate. 


EXPERIMENTAL 


The experimental details have been previously described in part 
(4). 0.1 N HCl was used to standardize the calomel cell with 
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—0.0647 volt as the potential of the H electrode in this solution 
(1). An exactly known volume of formaldehyde solution (ap- 
proximately 10 ml.), containing 0.02 m NaCl to stabilize the 
activity coefficients and provide conductivity, was prepared in 
the electrode vessel. It was titrated with 0.2 nN NaOH. The 
titration curves obtained are shown in Fig. 1 and certain of the 
data are given in detail in Table I. No correction was made for 
liquid junction potential. The temperature was 30°. 

Calculation of Constanis—The titration of formaldehyde at 
constant concentration follows the Henderson-Hasselbalch equa- 
tion. 


CHO- 
(1) pH = pK’; + log cir 


pK’; is an apparent constant because concentrations (indicated 
by brackets) are used instead of activities. If [B+] is the concen- 
tration of total alkali added, [CHO-] = [B+] — [OH~-] from the 
principle of electroneutrality. But [OH-] = you K./(H*) where 
you is the activity coefficiént of OH~ and the parentheses indicate 
activities. Therefore 


[Bt] — (Yon K../(H*)) 
(2) pH = pK’; + log iCH.O] 


You Was calculated from the ionic strength, u, by the equation 
given on p. 500 of Clark (1) with the constants at 30°. 


(3) — log = 0.509 Vu /(1 + 0.329 Vu) 


u varied only between 0.02 and 0.03. Equation 3 is a result of the 
Debye-Hiickel theory of electrolyte solutions and contains as one 
factor the dielectric constant of the medium. No data have been 
found in the literature on the dielectric constants of formaldehyde 
solutions. Therefore, the value for water has been assumed to 
hold. Certain typical data are given in Table I to facilitate cor- 
rection, if necessary, when the appropriate dielectric constants 
become known. ‘The data have been selected so that the pK’; cal- 
culated from each is equal to the average for the titration it repre- 
sents. The range of pK’; at a single formaldehyde concentration 
is +0.03 unit. 
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The value of pK,, used in the calculations was 13.85. This was 
obtained with the present set-up for the titration of 0.02 m NaCl 
in water with NaOH. Harned and Hamer (3) obtain the value 
13.83 from cells without liquid junction. The higher value was 
used because it probably carries systematic errors which also 
affect the other measurements. In particular no correction for 
liquid junction potential was made. 

The values of pK’; given in Column 5 of Table I vary with the 
formaldehyde concentration, F. By plotting pK’; against F a 
straight line is obtained whose slope is —0.19. The titration data 
can therefore be represented so as to be independent of F by the 


TasBLe I 
Titration of Formaldehyde at 30°. Representative Data 


(1) (2) (3) (4) (5) (6) 

M M equivalent 
0.00313 0.102 11.01 0.0234 12.86 12.88 
0.00412 0.505 10.61 0.0243 12.77 12.87 
0.00167 1.02 9.83 0.0221 12.65 12.84 
0.00402 3.99 9.12 0.0239 12.12 12.88 


use of Equation 4 in which pK”; may be called a “reduced’’ con- 
stant and is the titration constant at F = 0. 


(4) pK’, = pk”, —0.19F 


Column 6 gives the values of pK”; calculated by this relation. 
The average value is 12.87. 

Since the results are affected by uncertainties as to the activity 
coefficients of ions, neglect of liquid junction potential, and prob- 
ably by an unconsidered variation of the activity coefficient of 
formaldehyde with concentration, the significance of Equation 4 
is not immediately evident. This uncertainty does not invalidate 
its use in the discussion of the end-point below. 

End-Point in Formol Titration—An understanding of the limi- 
tations and conditions of a quantitative method can be reached 
only by an intensive study of the principles on which the method 
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depends. The accumulated data are now adequate for a discussion 
of certain practical aspects of the formol titration. 

The titration may be divided into two steps. First the solution 
to be analyzed is adjusted to some preliminary pH where, it is 
hoped, the amino acids have the potentiality of reacting with 1 
further equivalent of alkali per amino group on the addition of for- 
maldehyde. This preliminary adjustment has usually been to 
pH 7. The discussion of Van Slyke and Kirk (7) shows how it 
affects the titration. 

In the second step of the titration formaldehyde is added and 
the addition of alkali continued to some alkaline end-point. This 
end-point has been chosen by trial and error (6). Usually the 
titration is corrected for a blank with formaldehyde alone. In the 
discussion the conditions for the second step of the titration will 
be considered. 

These conditions are similar to those for the titration of a weak 
acid with a strong alkali in water discussed by Roller (5) except 
that the behavior of both the solvent and the amino acid depends 
on the formaldehyde concentration. For the special case of a 
weak acid titrated with alkali Roller’s equation for the percentage 
error is 


(5) E = +200 VK,./C, K, sinh. 4 


K,, has the usual significance but it may be generalized as an index 
of the behavior of the solvent on the addition of strong alkali. 
It may be called the solvent constant. A function will be derived 
which gives exactly analogous information about the behavior of 
the solvent in the formol titration. This function can be sub- 
stituted for K,, in Equation 5. Ky, is the dissociation constant 
of the weak acid. In the formol system it is to be replaced by 
G;, the dissociation constant of the amino acid at a particular 
formaldehyde concentration (4). C4 is the molar concentration 
of the amino acid at the end-point. 

By the colorimetric method A = +2.3ApH. The last term 
is the finite sensitivity of the indictor. With the use of a buffer 
standard for comparison ApH = +0.1 unit and A = +0.23. 
For small values of A such as this, sinh. A is practically equal to A. 

Function in Formol Titration Corresponding to K,—If it be 
remembered that F in the formol titration is high (2 to 10 M), 
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certain simplifications of Equation 2may be made. Thus [CH,0] 
is approximately constant and equal to F. [OH~] is small com- 
pared to [CHO-]. Then 


(6) pH — log [CHO-] = pK’, — log F = pK”, — 0.19 F — log F 


—log [CHO-] corresponds to pOH of an aqueous system. It is 
the result of the solvent acting as an acid. The reciprocal of the 
antilogarithm of the last part of Equation 6 therefore corresponds 
to K, of Roller’s equation when the formol titration is considered. 
Its value is K”; F & 10° 

Function in Formol Titration Corresponding to K,—In a previous 
paper (4) an equation was derived which was valid at high F 
(2 to 7 m) for the amino acids considered there, except proline. 


(7) pG, = — log KL. — 2log F 


pG, is the titration constant of the amino acid at formaldehyde 
concentration F and K, is the alkaline dissociation constant of the 
amino acid in water. Lz» is the association constant of the amino 
acid anion with 2 molecules of formaldehyde.' 

The reciprocal of the antilogarithm of pG; may be substituted 
for K, in Equation 5. 


(8) G; = K, 


For proline the corresponding constant is K2L,F. 

Most Favorable Formaldehyde Concentration—Replacing K,4 and 
K,, of Equation 5 with the analogous formol functions and putting 
ApH = +0.1, an expression for the error in the formol titration 
at the stoichiometric point is obtained. 


(9) E = +46 V(K"; X 10")/C, Kila F 


By differentiating with respect to F and setting the derivative 
equal to 0, a minimum value of E can be demonstrated at F = 
2.29 m (6.9 per cent). This minimum is not very sharp and a 
range of formaldehyde concentrations, 2 to 3 M or more, gives 
practically identical values of EZ. The result of these calcula- 


1 The nomenclature of the constants has been changed as may be noted 
by comparison with Equation 12 of a previous paper (4). K, is the former K; 
and L, is the former K;. The change is in the interest of clarity. 
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tions is the definite recommendation that the formaldehyde con- 
centration at the end of the formol titration should be between 
6 and 9 per cent. 

Stoichiometric End-Point, pH,—Roller has shown that £ is 
smallest when the end-point is at the stoichiometric point. This 
is defined as the pH of the solution containing equivalent quantities 
of the acid and alkali. It corresponds to [H+] = /K,K,/C.- 
In the formol titration it is given by 


(10) pH, = 4 (— log KzL, + pK”; — 0.19 F — 3 log F + log C,) 


The constant —log K2l, varies for the different amino acids. 
In dealing with a mixture of amino acids it is necessary to choose 
some average value for the calculation of the end-point. 7.9 
appears to be a fair approximation. With F at 2.3 m, pH, = 
9.6 + $logC,. pH, is more sensitive to F than is Z. The wrong 
value of pH, leads to a constant error in one direction or another. 
The range of F which changes pH, by 0.1 unit is 2.1 to 2.7 m. 
This is another reason for controlling the formaldehyde concen- 
tration between 2 and 3m. For a 0.1 mM amino acid at the end 
volume, the proper end-point is pH 9.1. Of course, if one is deal- 
ing with a single amino acid, the best end-point can be calculated 
by the use of Equation 10 and the proper constants. 

Ts a blank desirable? The titration of commercial formalin 
can be divided into that part due to impurities and a second part 
due to the acidity of formaldehyde. If the commercial formalin 
is neutralized to pH 7 the first part of the blank is eliminated. 
For the second part, which would be titrated from pH 7 to the 
end-point, it is not desirable to make a correction. pH, is by 
definition the pH at which the solution contains equivalent quan- 
tities of alkali and amino acid. If the titer of the formaldehyde 
alone were subtracted from the total titer to pH,, the result would 
be too low by just the amount equivalent to the blank. If a 
more alkaline end-point than pH, were used, the correct titer 
would be the total titer minus the blank between pH, and the 
end-point, not the total blank. As Roller points out the net 
error of the titration corresponding to the finite sensitivity of the 
indicator is least at pH, because the rate of change of pH is a 
maximum at this point and the error consequently a minimum. 
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The error of the formol titration will therefore be greater if it is 
run to a more alkaline end-point than indicated by Equation 10 
and corrected for the blank, even if the proper correction is made. 
If initially neutral formaldehyde is used, a blank is not desirable. 

Amino Acid Concentration—Equation 9 shows that the error is 
reduced by increasing amino acid concentration. Consequently 
the amino acid should be at as large a concentration as possible at 
the end of the titration. The principle that diluting fluids such 
as the formol added should be as concentrated as possible should 
be adhered to. The concentration of alkali solution should be as 
great as is consistent with the measuring instruments employed. 

Proline—This substance does not follow the equations given 
because its anion is apparently capable of reacting with only 1 
molecule of formaldehyde. By substituting the function K2l,F 
in Equation 5 no practical minimum of F is found with F; 2 
diminishes constantly as F increases. pH, at 2.3 mis 9.9 + }logC,. 
In the presence of large amounts of proline as in gelatin hydroly- 
sates the end-point of the formol titration should be somewhat 
more alkaline than otherwise. 

Intrinsic Error of Formol Titration—When the most favorable 
conditions for the formol titration have been set up, Equation 9 
can be used to calculate the intrinsic error of the titration. For 
the monoamino acids other than proline, / under the specified 
conditions is 0.165/1/C,4. If is 0.1m, is 0.5 per cent. With 
the more alkaline end-point calculated in the last section, Z for 
proline is 0.37/+/C,. If Cs is 0.1 mM, E is 1.2 per cent. These 
errors are in addition to any errors in the preliminary adjustment 
of the amino acids. Practically, they represent the errors to be 
expected when titrating from the isoelectric points of monoamino- 
monocarboxylic acids. 

Indicator—Indicator tints are not always reliable as pH indices 
especially when the standard buffer and the unknown differ 
greatly in composition. All of the discussion has been based on 
hydrogen electrode measurements. If the conclusions are to be 
of practical use, it is necessary to show that the indicator color is 
not disturbed by the presence of formaldehyde in the concentration 
recommended. To show this, formaldehyde solution containing 
phenolphthalein was titrated with alkali to the tint in a buffer at 
pH 9.2. The amount of alkali required was compared with that 
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calculated by Equation 6 which is based on electrometrie data, 
Below 3.5 m formaldehyde, the alkali required was identical, 
within the error of titration, with that calculated. This agree- 
ment shows that the color of phenolphthalein is the same in water 
and in formaldehyde at the same pH. Phenolphthalein is there- 
fore suited for use in the formol titration under the conditions 
described. 


SUMMARY 


The titration constant of formaldehyde follows the equation 
pk’; = 12.87 — 0.19F at 30°. Deduction from the data at 
hand indicates that the maximum accuracy of the formol titration 
is obtained when the formaldehyde concentration is 6 to 9 per cent 
at the end volume, neutral (pH 7) formalin is used, no correction 
for a blank is made, the amino acids are at as high a concentration 
as possible, and the end-point fulfils the specifications to be found 
in the text. 
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INTRODUCTION 


Our previous studies on butters prepared from a general supply 
of milk as obtained at our university dairy indicated a seasonal 
variation in the amount of carotene and vitamin A present (1). 
These experiments, however, were not designed to reveal the extent 
of individual or breed variations, nor of the precise effect of 
changes in the dietary of the cow. Although several papers have 
recently been published on these relations, the available data are 
still fragmentary. Furthermore, conflicting statements occur 
frequently in the literature. This is due primarily to differences 
in basic assumptions. For example, when Shrewsbury and Kray- 
bill (2) attempted to conclude what proportion of the biological 
activity of butter was due to carotene, their values on the same 
sample necessarily ranged from 11 to 110 per cent, depending 
upon which rat unit of carotene they used. Furthermore, in com- 
paring colorimetric with spectrographie data uncertainties arise 
(2), and of course a comparison of either type of result with bio- 
logical analyses involves all the irregularities inherent in a bio- 
logical assay. 

However, the fact that butter shows seasonal variations in its 


* Published with the permission of the Director of the Wisconsin Agri- 
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content of both carotene and of vitamin A paralleling the con- 
sumption of carotene-containing feed appears to be well estab- 
lished (1, 3-6). This harmonizes with demonstrated variations of 
total biological activity (7-11). Other factors of carotene-vitamin 
A relations in butter are less well established. Preliminary calcu- 
lations by Fraps and Treichler (7) and by Moore (12) indicate that 
only a small fraction of ingested carotene appears in the milk 
either as carotene or as vitamin A, but no accurate balance sheet 
has as yet been prepared. Individual variations in the carotene- 
vitamin A output of cattle have apparently not been studied. 
Nor are the variations due to breed clearly established, although 
the more intense color of butter from the Channel Islands breeds 
is well known, and Moore (12) has reported that butter fat from 
these contains about twice as much pigment as that from short- 
horns. Wilbur, Hilton, and Hauge (13) find a similar difference 
between Guernseys and Ayrshires. They further suggest on the 
basis of biological experiments that Ayrshire butter contains more 
vitamin A than Guernsey butter. Shrewsbury and Kraybill (2) 
conclude that most of the activity of very yellow butter is due to 
carotene. On the other hand, our measurements made on mixed 
milk (mostly Holstein) indicated that most of the biological activity 
was due to vitamin A. In view of the aforementioned uncer- 
tainties our present studies present determinations of the carotene 
and the vitamin A content of butter from individual cows of 
various breeds on known diets and of known nutritional history. 


EXPERIMENTAL 


In order to determine individual and breed variations under the 
same environmental and feeding conditions, butter fat samples 
were prepared from the milk of individual cows from the university 
herd. The breeds included the Ayrshire, the Guernsey, the 
Jersey, the Holstein, and the Brown Swiss. The cows were stall- 
fed in the university dairy barn, and received the regular herd 
ration of grains and concentrates, mixed hay, and corn silage. 
In the daytime the cows had access to a dry lot but no green feed 
from this source was available. The cows were fed grain accord- 
ing to the amount of butter fat produced, and 1 pound of mixed 
hay (75 per cent timothy and 25 per cent alfalfa) and 3 pounds of 
corn silage per 100 pounds of live weight. 
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Butter samples were collected in March and in June. Repre- 
sentative samples of butter fat for analysis were obtained by 
mixing the morning and evening milkings. The cream from each 
individual cow was separated in a small cream separator and the 
butter was churned by hand from sweet cream without any addi- 
tions. The samples were melted at 55°, and the butter fat was 
decanted from water and curd through a cloth filter. They were 
stored at 4°. The March series of butters was collected from 
four Guernseys, four Jerseys, four Ayrshires, four Brown Swiss, 
and six Holsteins. In the June series samples from six Guernseys, 
six Jerseys, five Ayrshires, three Holsteins, and four Brown Swiss 
were analyzed. 

To determine the rate of increase in the secretion of carotene 
and vitamin A when known amounts of carotene are added to the 
diet, we used a Holstein cow which had been on a dry ration 
without silage for 6 months. The ration consisted of 6 pounds of 
a grain mixture daily plus mixed hay ad libitum. Beginning July 
13, 60 pounds of freshly cut™green alfalfa daily were fed. The 
alfalfa feeding was continued for 10 days, after which the cow was 
turned out on Sudan grass pasture. For the first 2 weeks of green 
feeding samples of milk were collected daily; thereafter, they were 
collected at weekly intervals. The butter fat was prepared as 
before. 

For the carotene balance experiments two cows from each breed 
and in approximately the same stage of lactation were used. 
After 5 days of pasture feeding, the animals were returned to the 
winter ration while butter samples were being collected. They 
were then put on a ration simulating pasture conditions by feeding 
freshly cut alfalfa hay ad libitum, supplemented by a grain mixture. 
Records of alfalfa and grain consumption were kept. Samples of 
butter were analyzed after 5 and after 10 days. The averages of 
these analyses were used in computing the carotene balance. 

Both the carotene and the vitamin A content of the butter 
samples were determined spectroscopically by methods previously 
described (1). In the determination of vitamin A it was frequently 
necessary to photograph absorption spectra of solutions which 
contained large amounts of carotene. Since carotene, as well as 
vitamin A, absorbs light of 325 my, a correction must be applied 
for this absorption. Expressed as log //Jo, carotene absorption 
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is approximately 10 per cent as great at 325 my as at 440 my (4). 
Corrections for carotene were therefore based upon the absorption 
at 440 my. In our previous calculation of the vitamin A content 
of butter we used as the absorption value for pure vitamin A, 
Ei Pereent — 1350, a value published by Heilbron, Morton, Drum- 
mond, and coworkers (14). Subsequently, however, these workers 
(4) used the value of Carr and Jewell (15), Ei Pere"! = 1600, 


in preference to their own. In calculating the results on which 


TABLE I 
Carotene andjVitamin A Content of Butter Fat (in Micrograms per Gm. 
of Fat) 
age age 
March samples, | Ayrshire 4 4.0- 5.9) 4.8/6.1 -11.5) 8.4 
winter ration | Guernsey 4 6.9-14.2) 10.3 | 5.3 - 8.5) 6.8 
Holstein 6 3.8- 7.2} 5.2 | 5.9 -13.0} 10.2 
Jersey 4 6.1- 8.2} 7.1|5.9- 7.9) 7.1 
Brown Swiss 4 3.9- 8.8) 6.0 | 6.75-10.0) 7.8 
June samples, | Ayrshire 5 3.6- 6.1) 4.9|6.3-7.1) 6.9 
winter ration | Guernsey 6 5.9 9.4) 7.8 | 2.1- 6.6) 5.1 
Holstein 3 3.9- 4.6} 4.3 | 8.3 -12.0) 10.1 
Jersey 6 4.1- 9.2) 5.5|4.2-6.0) 5.3 
Brown Swiss 4 3.7- 7.8} 5.6|5.2-7.4 6.8 
July samples, | Ayrshire 2 5.1- 5.9) 5.5 /11.3 -13.1) 12.2 
green ration Guernsey 2 15.7-18.2) 17.0 | 7.5 - 9.4) 8.5 
Holstein 2 6.1- 7.2) 6.6 |13.4 -16.9) 15.1 
Jersey 2 9.8-11.7| 10.7 |10.0 -13.0) 11.5 
Brown Swiss 2 7.4-12.3) 9.8 |12.0 -15.6) 13.8 


this paper is based, we also have adopted Carr and Jewell’s factor. 
The carotene content of the feeds was determined by a modified 
method of Kuhn and Brockmann (16). The color of the purified 
petroleum ether solutions was determined in a Lovibond tintometer. 


Results 


Although variation in either the carotene or the vitamin A con- 
tent of butters from individual cows of the same breed was found 
to amount to as much as 100 per cent, definite tendencies in breeds 
were nevertheless dominant (Table I). The carotene content was 


Baumann, Steenbock, Beeson, and Rupel 171 
highest in Guernsey butter and lowest in Holstein and Ayrshire 
butter, while Brown Swiss and Jersey butters occupied inter- 
II 
Effect of Diet on Carotene Content of Butter Fat (in Micrograms per Gm. 
of Fat) 
March June July July July 
Breed | alter: 3 | afters | after 10 | 
| 
ration | ration | pasture | alfalfa | alfalfa 
Ayrshire 41 4.0 3.6 3.8 4.9 5.1 | 
42 5.9 5.9 5.8 
Guernsey 44 7.1 62 | 1000 | 12.5 | 18.2 | 
45 9.2 9.4 13.4 13.4 15.7 
Holstein 46 3.7 3.7 3.7 5.8 7.2 
47 6.1 4.3 4.7 4.8 6.1 
Jersey 48 8.3 4.6 9.8 10.4 11.7 | 
49 6.5 4.7 6.8 6.8 9.8 | 
Brown Swiss 50 8.9 5.9 9.4 10.4 12.3 | 
51 4.9 3.7 5.5 5.7 7.4 | 
| 
Tasue III 
Effect of Diet on Vitamin A Content of Butter Fat (in Micrograms per 
Gm. of Fat) 
March June July July July 
Breed Cow No.| | series, | afters after after 10 
ration | ration | pasture | alfalfa | alfalfa 
Ayrshire 41 9.5 5.8 9.4 11.9 11.3 
42 5.4 12.5 13.1 11.3 
Guernsey 44 3.3 3.9 2.3 9.4 8.7 
45 8.4 2.1 3.7 7.5 8.7 
Holstein | 46 5.9 10.0 15.0 16.9 15.0 
47 13.5 8.3 11.0 13.4 15.0 
Jersey 48 7.5 5.1 7.5 10.7 10.3 
49 7.9 4.7 11.0 13.0 10.0 | 
Brown Swiss 50 10.0 7.8 14.1 14.4 12.0 
51 6.7 5.2 14.1 15.6 13.2 
mediary positions. The vitamin A, on the other hand, was high- 
est in Holstein butter and lowest in Guernsey butter, with the 
butter from other breeds occupying intermediary positions. 
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These variations were found on both high and low carotene diets. 
When butters from different breeds on the same diet were com- 
pared, inverse relations between the carotene and vitamin A were 
revealed; 7.e., when carotene was high, vitamin A tended to be 
low; when vitamin A was high, carotene tended to be low. 

With the inclusion of large amounts of carotene in the diet as 
effected by feeding on pasture or by stall feeding of fresh alfalfa, 


TaBLe IV 
Carotene Balance of Cows on Winter Ration, June Series 
2/2 z 
Breed TE le & 
28 
lbs. | Ibs. | lbs. | lbs. | mg. | mg. | mg. | mg. | mg. | mg 
Ayrshire 41 | 1100) 9 | 11 | 33 | 24 | 34 | 175) 233/1.77/2.86) 6,520 
42 | 1100) 9 | 11 | 33 | 24 | 34 | 175) 233)3.02/2.67| 7,450 
Guernsey 44 | 1000) 10 | 10 | 30 | 27 | 31 | 160) 218/4.49/2.33) 8,360 
45 | 1000) 8 | 10 | 30 | 21 | 31 | 160) 212)3.96)0.88) 5,420 
Holstein 46 | 1200) 8 | 12 | 36 | 21 | 37 | 191) 249)1.72/4.39| 9,020 
47 | 1200) 9} 12 | 36 | 24 | 37 | 191) 252/2.18/4.20) 9,150 
Jersey 48 | 1000) 8 | 10 | 30 | 21 | 31 | 160) 212/3.28)2.20) 6,930 
49 | 1000} 9 | 10 | 30 | 24 | 31 | 160) 215/3.64/2.66| 8,060 
Brown Swiss | 50 | 1400} 12 | 14 | 42 | 33 | 43 | 221) 297/4.0 |5.87|13,750 
51 | 1300) 10 | 13 | 39 | 27 | 40 | 207) 274/2.33|3.29| 7,780 


* The grain mixture consisted of corn 300 parts, oats 250, bran 200, gluten 
meal 150, linseed meal 100, and salt 10. The grain mixture contained 2.67 
mg. of carotene per pound, the hay contained 3.1 mg. per pound, and the 
corn silage contained 5.3 mg. per pound. 

¢ International units of both carotene and vitamin A. 


both the carotene and vitamin A content of the butter fat in- 
creased rapidly (Tables Il and III). The Holstein cow on the pro- 
longed experiment showed maximum values in both carotene and 
vitamin A within 2 weeks. In general, definite increases in both 
components were noticed in the lst week. However, in Guernsey 
butter the increase in vitamin A was delayed and in Holstein 
and Ayrshire butters the increase in carotene was delayed, both 
until the 2nd week of alfalfa feeding. It therefore appears that in 
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either case the major active component of the butter fat is in- 
creased most rapidly. These differences, however, were relatively 
small and persisted only during the lst week of carotene feed- 
ing. By the end of the 2nd week both components showed 
definite increases in all cases. Hence, when butter samples from 
the same cow are compared, the carotene and vitamin A contents 
generally run parallel. 


TABLE V 
Carotene Balance of Cows on Green Ration, July Series 


Breed Cow | "| Grain | Green carotene Carotene) vitamin 

No. weight daily* | daily fed daily output 
cow daily daily | outputt 

Ibs. lbs. lbs. mg mg. mg. 

Ayrshire 41 1100 8 50 1000 1.93 | 4.74 9,800 
42 1100 7 40 800 2.02 | 3.96 8,590 
Guernsey 44 1000 10 50 1000 | 10.10 | 4.91 | 18,260 
45 1000 8 50 1000 6.20 | 3.49 | 12,000 
Holstein 46 1200 8 50 1000 3.14 | 5.82 | 12,800 
47 1200 10 50 1000 2.93 | 7.20 | 14,800 
Jersey 48 1000 8 50 1000 4.28 | 4.38 | 11,550 
49 1000 10 50 1000 5.70 | 4.25 | 12,760 
Brown Swiss | 50 1400 12 65 1300 | 8.35 | 7.14 | 20,200 
51 1300 10 60 1200 3.91 | 7.00 | 15,530 


* The grain mixture consisted of corn 500 parts, oats 300, bran 200, and 
salt 10. It contained 6.8 mg. of carotene per pound. The alfalfa contained 
20 mg. of carotene per pound of fresh tissue. Since the error in the deter- 
mination of carotene in alfalfa is approximately 5 per cent, the amount of 
carotene contributed by the grain is practically negligible. 

t+ International units of both carotene and vitamin A. 


Calculations of the intake and output of carotene showed that 
our animals received an enormous excess of dietary carotene over 
the amount secreted (Tables [V and V). Less than 2 per cent of 
the ingested carotene from the winter ration and 1 per cent from 
the summer ration appeared in the butter fat. The averages 
were 1.12 per cent and 0.4 per cent, respectively. The vitamin A 
secreted did not exceed 1.6 per cent of the ingested carotene from 
the winter ration, or 0.7 per cent from the summer ration. Ex- 
pressed in terms of international units and assuming that 0.6 
microgram of vitamin A is biologically equivalent to 1 microgram 
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of carotene (15), our average figures (Tables IV and V) show that 
out of 240,000 international units consumed daily on the winter 
ration only 8244 units were secreted into the milk. On the high 
carotene ration the proportion was even smaller, only 14,000 of 
the 1,040,000 ingested units being transferred to the milk. 


DISCUSSION 


The results indicate that the proportion of the total vitamin A 
activity of butter due to carotene depends mainly upon the breed 
from which the butter is obtained. The primary importance of 
vitamin A which we previously emphasized (1) is true only for 
those breeds which produce a butter of relatively low pigment 
content. Ina highly colored butter—such as that produced by the 
Guernsey—most of the activity may be due to carotene. Usually, 
however, carotene accounts for about half of the total activity in 
this breed. Since calculations of the percentage of the activity 
due to each depend upon assumptions involving the relative bio- 
logical activity of pure carotene and pure vitamin A, such calcu- 
lations, of course, yield results of only approximate values until 
better data are available. 

Our results emphasize the inadequacy of using the natural color 
of butter as an index of vitamin potency. For example, butter 
from a Holstein on a high carotene diet may have the same color 
as butter from a Guernsey on a low carotene diet. The Holstein 
sample, however, would show a very high value of vitamin A, 
whereas the Guernsey sample would contain only small amounts 
of the vitamin. 

The difference in the carotene to vitamin A ratio of butters from 
different breeds may have some nutritional significance if either 
one is more readily absorbed by the human as distinguished from 
the rat. Should a difference in absorbability be established in 
favor of vitamin A, butters from the breeds producing pale butter 
and of equal activity with those of breeds producing dark butter 
as measured by rat assays, would appear more desirable. 

The question as to the fate of the main body of the carotene 
arises, since only a small part of the ingested carotene is secreted 
into the milk. Probably much of it remains unabsorbed, as carotene 
is abundantly found in the feces of cattle (17). Undoubtedly some 
of it disappears owing to the destructive action of certain acids and 
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of microorganisms (18). The carotene which is absorbed may 
either be stored in the tissues, utilized directly by the tissues, 
secreted into the milk, or converted into vitamin A. The vitamin 
A formed may likewise be subjected to analogous fates. The ob- 
served variations between individuals and breeds in the secretion 
of carotene and vitamin A would suggest that the other factors 
enumerated might likewise be variable in their qualitative and 
quantitative relations. A study of these variations would un- 
doubtedly yield interesting results. 

It would, of course, be desirable to know which breed of cattle 
produces milk richest in vitamin A activity. Our results can 
yield this information only after the biological value of vitamin A 
in terms of carotene is better established. Assuming that 0.6 
microgram of vitamin A is equivalent to 1 microgram of carotene, 
the total activity for July butter fat per gm. (calculated from 
Table I) ranges from 23 international units for the Ayrshire to 31 
units for the Holstein, Guernsey, and Brown Swiss. For the 
June series the values range from 14 for the Jersey to 21 for the 
Holstein. Breed differences in total activity, therefore, appear to 
be small. Should it be established that the biological value of 
vitamin A differs markedly from that assumed, greater breed 
differences in total vitamin A activity would appear. However, 
published values for the activity of pure vitamin A range from 
0.1 microgram (14) to 1 microgram (19) per international unit, 
and in all probability the true value lies within these limits. 
Parenthetically it might be stated that conclusions based on 
results with the rat should, of course, be applied only with reserva- 
tions in the interpretation of results with other species. 


SUMMARY 


Spectroscopic determinations were made of the carotene and 
vitamin A content of butter fat from cows of various breeds on 
high and low carotene diets. Definite breed differences were noted. 
On the winter ration average carotene values ranged from 4.3 
micrograms per gm. for Holstein butter to 7.8 micrograms per gm. 
for Guernsey butter; vitamin A ranged from 5.1 micrograms per 
gm. for Guernsey butter to 10.1 micrograms per gm. for Holstein 
butter. On the green feed ration averages for carotene ranged 
from 5.5 micrograms per gm. for Ayrshire butter to 17.0 micro- 
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grams per gm. for Guernsey butter; vitamin A ranged from 8.5 
micrograms per gm. for Guernsey butter to 15.1 micrograms per 
gm. for Holstein butter. Individual variations between members 
of the same breed on the same diet were of the order of 100 per 
cent. When the carotene intake of the cow was increased, there 
was an increase in both the carotene and vitamin A content of 
the butter fat. Calculations indicated that 3.3 per cent of the 
vitamin A ingested on a low carotene ration was secreted into the 
milk; on a high carotene ration only 1.3 per cent was secreted. 


We acknowledge our indebtedness to Mr. George Werner for 
his painstaking aid in the feeding of the animals and the collection 
of samples. 
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A METHOD FOR QUICK DRY ASHING OF BLOOD SERUM 
FOR THE DETERMINATION OF SODIUM BY THE 
URANYL ZINC ACETATE METHOD 


By WALTER E. WILKINS 


(From the Department of Biochemistry, Vanderbilt University School of 
Medicine, Nashville) 


(Received for publication, February 7, 1934) 


The gravimetric uranyl zinc acetate method of Barber and 
Kolthoff (1-3) for sodium is a simple and accurate means for 
determining sodium in small amounts of blood serum after a suit- 
able ash or ‘‘wet digest”’ of the sample has been obtained. For the 
latter purpose several methods are already available. 

The following is a simpler and quicker procedure by which the 
sample may be ashed in about 3 minutes without sacrifice of 
accuracy. 

Magnesium Nitrate-Carbonate Reagent—This may be conven- 
iently prepared as follows: Prepare a warm saturated solution of 
magnesium nitrate (Merck, c.p.), allow to cool, and filter. Add 2 
gm. of magnesium carbonate (Merck, Heavy, United States 
Pharmacopeeia X, is satisfactory; if preferred, it may be first 
washed and dried in a warm oven) powder per 100 cc. of solution. 
Shake thoroughly each time before using, since the carbonate 
settles out very quickly upon standing. 

The other reagents are those described by Barber and Kolthoff 
(2) and Butler and Tuthill (4). 


Procedure 


Deliver 1 cc. of serum into a 50 ce. sillimanite crucible, add 1.5 
to 1.6 ec. of the Mg(NO;)2- MgCO; mixture, and mix thoroughly by 
gently rotating the vessel. Boil gently in a hood over a Jow flame 
until brown fumes begin to be freely given off and the mixture 
comes almost to dryness, then turn on the full flame. Within 
about 1 minute a clear white ash is obtained. If the material has 
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not been permitted to boil too vigorously, the ash will not extend 
up more than about half an inch on the walls of the vessel. Con- 
tinue heating until brown fumes cease to come off. Permit the 
vessel to cool, moisten the ash with a few drops of water (0.2 to 
0.4 ee.), add 1.5 ce. of concentrated hydrochloric acid down the 
walls of the crucible, and stir with a short glass rod until the ash is 


TaBLe I 
Comparison of Quick Dry Ashing Method with Other Methods of Ashing 
Ashing method Ne per 100 ce. 
Cullen and Wilkins (5) Ash 1 


Digestion with concentrated HNO;; 
dry ashing in muffle furnace with 
ammonium persulfate and H.SO, 
at 600° 


Butler and Tuthill (4) Individual ashings 
Wet ashing with H.SO, and HNO; 


Quick dry ashing as described in text 


EEE EER: 


completely dissolved. The stirring may usually be omitted if the 
mixture is permitted to stand for a few minutes. From this stage 
the precipitation technique of Barber and Kolthoff (2) or that of 
Butler and Tuthill (4) may be employed. Since the volume of 
the solution of the ashed sample is about 2 cc., at least 20 cc. of 
the uranyl zine acetate reagent should be used. A blank is of 
course run on all of the reagents. This can probably best be done 
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by doubling the amounts added to one of two samples of serum, 
running the two samples, and subtracting for the difference. 

In Table I are given sodium values obtained by analysis of a 
sample of beef serum ashed by three different methods. In no 
instance was the phosphate removed. The average value was 345 
mg. of sodium per 100 ce. of serum in each case. 

Whole blood, finely ground fresh tissue, or the nitric acid digest 
(5) of fresh or dried tissues may be ashed in a similar way, the 
phosphate being removed by the technique of Butler and Tuthill 
(4). The amounts of the reagents used should be adjusted in pro- 
portion to the amount of organic matter in the material ashed. 
Enough of the Mg(NO;).- MgCO; reagent should be used to give 
a white ash without charring. The amount of HCl used to dissolve 
the ash must of course be adjusted (with only a slight excess) to dis- 
solve the ash completely. This ashing technique should be suit- 
able for preparing samples of feces, urine containing protein, and 
other biological materials for the determination of sodium. 


SUMMARY 


A procedure is described for the quick dry ashing of serum or 
plasma with a mixture of magnesium nitrate and carbonate for 
the determination of sodium by the uranyl zine acetate gravi- 
metric method. 
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INORGANIC SALTS IN NUTRITION 


VIII. VARIATIONS IN THE PROPORTION OF RETICULOCYTES IN 
THE BLOOD OF RATS RECEIVING A DIET DEFICIENT IN 
INORGANIC SALTS* 


By JAMES M. ORTEN} anp ARTHUR H. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, February 26, 1934) 


One of the most striking effects of the administration of a diet 
deficient in inorganic salts to albino rats is the profound alteration 
of the normal relationship between the erythrocyte and hemoglo- 
bin concentration of the blood (Smith and Swanson, 1929; Smith 
and Schultz, 1930). There occurs a marked increase in the num- 
ber of erythrocytes, a gradual progressive decrease in pigment, 
and a decrease in corpuscular volume (Swanson and Smith, 1932), 
thus presenting a most unusua! hematological picture. Earlier 
investigations have shown that the foregoing abnormalities do not 
result from an alteration in the total blood volume (Swanson and 
Smith, 1932, a). An explanation of the phenomenon was, there- 
fore, sought in another direction. 

In recent investigations, the determination of the reticular 
erythrocytes has met with increasing use in elucidating the nature 
of many abnormalities of the blood. In general, given a normal 
hematopoietic mechanism, the degree of reticulosis varies directly 
with the demand for erythrocytes (Krumbhaar, 1922). Thus, 
in human cases of polycythemia (polycythemia vera), the reticulo- 
cyte count may be slightly decreased (Minot and Buckman, 1923). 


* A preliminary report was made before the meeting of the Division of 
Biological Chemistry of the American Chemical Society at Chicago, Sep- 
tember, 1933. 

Aided by a grant from the Research Fund of the Yale University School 
of Medicine. 

+ Alexander Brown Coxe Fellow, Yale University, 1932-33. 
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In the anemias, on the other hand, there exists an increased 
proportion of reticular erythrocytes, provided the bone marrow is 
functionally capable of response and the necessary hematogenic 
material is available. The absence of an increase in the reticulo- 
cyte count in the face of a severe anemia, as is frequently found in 
aplastic and pernicious anemia, may be indicative of an inactive 
marrow or of a lack of some substance essential for the formation 
of new erythrocytes. 

The only available description of the proportion of reticulocytes 
in the blood of rats showing the polycythemia with accompanying 
anemia induced by the feeding of a salt-poor ration is a preliminary 
report in which a marked increase was noted after 90 days on the 
experimental diet (Swanson, Schuliz, and Smith, 1930). The 
present investigation was designed to follow more closely the 
hematological changes under these nutritive conditions. 


EXPERIMENTAL 


The procedure followed in this investigation, including the 
source, selection, and care of the animals, as well as the preparation 
and composition of the diets, was identical with that previously 
described by Swanson and Smith (1932, a). Those animals which 
attained a weight of 120 + 4 gm. at an age of 36 + 2 days were 
changed to either the adequate synthetic ration (twelve rats) or 
the low salt diet (thirty-two rats). After 56 days, twenty rats on 
the low salt diet were dropped from the experiment ; the subsequent 
decreases in the number of animals were the result of deaths. 

During the entire course of the investigation, body weight and 
reticulocyte determinations were made weekly, whereas erythro- 
cyte and hemoglobin determinations were made biweekly. Blood 
was obtained in all cases from a small incision into one of the tail 
vessels; extreme care was exercised to prevent an undue loss of 
blood. Erythrocytes were counted in duplicate by the usual 
method. Hemoglobin determinations were made by the acid 
hematin colorimetric procedure (Cohen and Smith, 1919), with a 
standardized glass disk. The conversion factor for the particular 
standard disk-blue filter-artificial light combination used for mak- 
ing all of the measurements herein reported was determined and 
repeatedly checked with samples of blood, the hemoglobin con- 
tent of which had been estimated from either the oxygen capacity 
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or the iron content.! The percentage of reticulocytes was deter- 
mined by the examination of at least 1000 cells on “permanent” 
films prepared by the technique described by Hawes (1909) and by 
Cunningham (1920). The precautions observed in the prepara- 
tion of the smears have been previously described (Orten and 
Smith, 1934). In a limited number of cases, the proportion of 
reticulocytes was also determined on specimens prepared by either 
of two wet methods discussed in an earlier paper (Orten and Smith, 
1934). 


Results 


The results of this investigation are summarized in Tables I and 
II. The growth of the animals given the adequate synthetic 
ration (Table I) compared favorably with that described by Smith 
and Bing (1928) for stock rats. The erythrocyte and hemoglobin 
values increased and the proportion of reticulocytes decreased 
from juvenile to adult values typical of normal stock rats of 
comparable ages (Orten and Smith, 1934). These data also agree, 
in general, with those reported for stock rats of certain other 
strains (Smith, 1932; Stucky and Brand, 1933; _——— Rob- 
son, and Drabkin, 1933). 

The animals consuming the ration deficient in inorganic 
salts (Table II), however, showed the typical retardation of 
growth and developed pronounced polycythemia with accom- 
panying anemia (Swanson and Smith, 1932, a). Despite the 
development of the polycythemia, the proportion of reticulo- 
cytes at first decreased at a rate agreeing closely with that of 
the control animals. However, after a period of 28 to 35 days 
on the low salt diet, there occurred a definite increase in the 
reticulocytes simultaneously with the significant decrease in the 
concentration of hemoglobin. As the low salt régime was con- 
tinued, the concentration of pigment progressively decreased, 
whereas the percentage of reticulocytes progressively increased, 
reaching an average value of approximately 10 per cent at the 


1 Appreciation is expressed to Dr. R. O. Brooke for making the iron 
analyses, and to Dr. A. J. Eisenman and Dr. H. E. Himwich for supplying 
samples of blood on which determinations of oxygen capacity had been 
made by the carbon monoxide and oxygen saturation methods, respectively. 
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time of the death of the majority of the animals on the low salt 


diet. 


In a number of instances, the erythrocytes, as well as the 


hemoglobin, decreased just before the death of the animal. 


TABLE I 


Hemoglobin, Erythrocytes, and Reticulocytes in Blood of Normal Male Rats 
Fed an Adequate Synthetic Ration 


No. of rats 


Body weight Hemoglobin Erythrocytes Reticulocytes 

gm. millions ‘lie 

om | per. | | | sont | Per een 
118 |116-121) 11.5 | 9.2-14.3) 6.4 |5.6— 7.8) 7.2 | 4.9-9.3 
145 |130-157 4.8 | 2.2-9.8 
173 |141-191) 13.7 |11.4-14.9| 7.9 9.3) 3.5 | 1.6-4.4 
197 |176-220 2.8 | 1.5-4.5 
219 |200-244) 14.8 13.3-15.8\8.5 7.i- 9.4) 2.6 | 1.7-4.1 
240 |218-261 2.1} 1.3-3.3 
255 |232-274| 15.8 |14.3-19.1) 8.9 |7.8- 9.6) 1.9 | 0.8-4.3 
273 |250-297 2.0 | 1.0-3.1 
285 |260-308} 15.3 |14.1-16.9) 8.9 |8.0- 9.9) 1.9 | 1.0-2.9 
304 |275-326 1.5 | 0.5-2.2 
316 |280-338] 15.1 |14.3-16.3) 9.0 |8.1-10.8) 2.6 | 1.7-6.2 
332 |294-360 2.6 | 1.1-4.9 
343 (306-364) 15.5 |14.5-16.4) 8.7 |8.1- 9.7| 2.0 | 0.9-4.1 
347 |310-376 1.8 | 1.1-3.7 
350 |318-380) 16.1 |14.1-18.6) 8.9 |8.1- 9.9) 1.7 | 0.8-3.0 
359 |320-384 1.7 | 0.8-3.3 
361 |/324-392) 16.0 |14.8-18.0) 8.9 |8.3-10.1) 1.8 | 1.0-2.5 
371 |326-397 1.8 | 1.0-3.6 
374 |330-410) 15.9 |14.3-17.8) 8.9 |8.2— 9.6) 1.7 | 0.8-3.6 
390 |341-442) 16.0 |14.4-18.0) 9.1 |8.1-10.2) 1.6 | 0.7-2.1 


* The age of the rats in days may be obtained by adding 36 to the values 
given in this column. 


The data given in the columns “Limits of variation’’ (Table I1) 
show that after the 35th day there existed in the experimental 
group of rats a rather wide range of variation in the body weight, 


hemoglobin, erythrocyte, and reticulocyte values. 


It seems prob- 
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able that these fluctuations are largely due to differences in the 
amount of reserve inorganic material and to varying degrees of 
coprophagy, despite the fact that extreme care was taken to use 


TABLE II 


Hemoglobin, Erythrocytes, and Reticulocytes in Blood of Male Rats Fed a 
Ration Deficient in Inorganic Salts 


Body weight Hemoglobin Erythrocytes Reticulocytes 

as | as |] as 

100 ec. “100 te. c.mm. per mm. cent 
0 32 | 120 |116-124) 12.3 | 8.2-16.2)} 6.6 |5.1- 9.1) 8.4!4.6-12.5 
7 32 | 129 | 90-140 4.5)1.6-12.7 
14 32 | 139 |108-153) 13.6 |11.7-15.7| 8.4 |7.2-10.0) 3.5/1.3- 9.4 
21 32 | 146 |120-159 2.5/0.9- 4.5 
28 32 | 152 |123-170) 13.3 |11.4-14.5) 9.6 |8.1-12.3) 2.8)0.9- 8.5 
35 32 | 157 |121-185 3.3)/1.0-19.4 
42 32 | 160 |117-187| 13.0 |10.4-15.4| 10.7 |8.7-12.5) 3.0/0.5-18.4 
49 32 | 162 |119-195 3.4/1.0-17.4 
56 31 | 165 |122-202) 12.3 | 9.5-16.2| 10.6 |8.2-14.0) 4.8/0.7-29.0 
63 11 | 162 |119-207 5.210.8-27.5 
70 11 | 163 |122-206) 12.2 | 8.0-14.3) 10.5 |9.4-12.7| 4.3/1.2-14.3 
77 11 | 164 |128-209 4.3)1.1-15.0 
84 11 | 164 {123-214 12.1 | 8.4-15.1) 9.9 |6.5-11.7) 4.3/1.1-12.8 
91 11 | 163 {125-204 4.5/1.1-11.4 
98 11 | 164 |130-216| 11.4 | 8.5-16.1) 9.7 |7.0-11.3) 4.9)1.7-12.8 
105 11 | 167 |129-217 5.2)1.2- 8.9 
112 11 | 165 |120-218 11.6 | 6.4-15.9) 9.8 |4.7-12.4) 8.3/2.1-31.7 
119 11 | 162 |114-221 10.3)1.6-26.9 
126 10 | 162 |114-202) 12.2 8.4-20.0) 9.8 |7.3-11.5) 8.4/1.3-24.9 
140-168 7 | 144 | 94-174 12.3 |10.1-17.1) 10.1 |6.7-12.5 10.9)1.2-34.4 


* The age of the rats in days may be obtained by adding 36 to the values 
given in this column. 


only those rats meeting a closely defined initial weight-age require- 
ment and that the opportunity for coprophagy was minimized 
by the use of scrupulously clean cages having wide mesh screen 
bottoms (2 meshes per inch). 
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DISCUSSION 


The data showing that the early period of the development of 
polycythemia due to a low salt diet is not accompanied by a 
reticulosis suggest that the restriction of inorganic salts in the 
diet does not act as an active stimulus to produce the increase in 
erythrocytes. Some other factor or factors causing a more 
passive type of accumulation of erythrocytes must be involved. 
It is possible that a redistribution of erythrocytes, correlated with 
changes in the size of the spleen or a decrease in the rate of de- 
struction, may be a compensatory reaction concerned in producing 
the foregoing erythrocytosis. In the later periods of the experi- 
ment, however, when there occurs a progressive decrease in the 
concentration of pigment, a simultaneous active stimulation of 
hematopoiesis takes place, as indicated by the progressive increase 
in the proportion of reticular erythrocytes. There has existed a 
remarkably sensitive inverse relation between the concentration of 
pigment and the proportion of reticulocytes during the entire 
course of this investigation. 

Inasmuch as there existed in the latter periods of the experiment 
a high proportion of reticulocytes in the blood of the rats on the 
low salt diet until death occurred, there is no reason to believe 
that the chronic anemia is due to a hypoactive bone marrow. 
Rather it may be evidence of a lack of some necessary inorganic 
material, as is true of the prolonged reticulosis observed in rats 
fed an exclusive milk diet (Beard, Baker, and Myers, 1931; 
Schultze and Elvehjem, 1933; Fitz-Hugh, Robson, and Drabkin, 
1933). 

SUMMARY 


The development of polycythemia in rats maintained on a 
ration deficient in inorganic salts is not preceded by an elevation 
in the proportion of reticulocytes. This result indicates that an 
active hematopoietic stimulation resulting from a deficiency of 
minerals is not responsible for the increase in erythrocytes. 

With the subsequent development of a chronic anemia, how- 
ever, a decided progressive increase in the reticulocyte level occurs. 
The terminal anemia and reticulosis may be attributed to the 
depletion of the reserve supply of some element essential for pig- 
ment formation. 
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There exists a remarkably sensitive inverse relation between the 
concentration of pigment and the proportion of reticulocytes in 
the blood of albino rats maintained on a diet deficient in inorganic 
salts. 


Appreciation is expressed to Mr. George Gross for valuable aid 
in procuring the foregoing data. 
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(Received for publication, December 11, 1933) 


At present there is no entirely satisfactory quantitative method 
for the determination of iron in whole blood in spite of the fact that 
numerous methods have been developed. Perhaps the two most 
widely used methods are the colorimetric thiocyanate and the 
volumetric titanous salt method. There is another successful 
method for iron determination which involves the use of thio- 
glycolic acid. This, however, has seldom been used in the analysis 
of blood. 

The thiocyanate colorimetric method (Peters and Van Slyke, 
1932), although frequently used, is subject to error. Hedenstrom 
and Kunau (1932) and others have shown that there are a large 
number of substances, many of them found in blood, which produce 
disturbing effects in the ferric thiocyanate color. The degree to 
which the ferric thiocyanate color was decreased by the addition 
of various substances was measured by Smythe and Schmidt 
(1930). They found that not only did inorganic acids such as 
phosphoric acid and arsenic acid decrease the color produced by 
a certain amount of iron, but also many organic compounds con- 
taining a particular grouping which is found in the hydroxymono- 
carboxylic acids, dicarboxylic acids, and amino acids of the above 
type. They suggest an explanation which is based on the residual 
charge of atoms in which the iron may be united. 

The volumetric titanous salt method involves the quantitative 
reduction of the ferric ion to ferrous ion. When this method is 
used on small quantities of blood, the end-point of the titration 
is difficult to ascertain if a color indicator is used, and although 
the electrometric method of measuring the end-point, as developed 
189 
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by McFarlane (1932), is more accurate, it involves the use of more 
complicated apparatus. A second objection to this method is that 
the standard titanium solution is readily oxidized by atmospheric 
oxygen in the light; hence the solution must be adequately pro- 
tected. Even when thus protected, the standard changes from 
day to day and it is necessary to restandardize the solution before 
each set of determinations. 

The color produced when a solution of thioglycolic acid and 
iron is made faintly alkaline was first described by Andreasch 
(cited by Lyons, 1927) and also by Claesson (cited by Lyons, 
1927). Lyons (1927) showed that this color could be used in the 
determination of iron and demonstrated that the test may be 
applied quantitatively in dilutions of 1:5,000,000. When the thio- 
cyanate method is used, one encounters considerable difficulty in 
matching the ferric thiocyanate color in the quantitative estima- 
tion of iron in dilutions greater than several parts in 1,000,000. 

The earlier writers believed that the color produced with thio- 
glycolic acid was due to the formation of the complex ferric thio- 
glycolate salt, Fe(SCH,COONH,);. Lyons (1927) has suggested 
that the red or purple color is due to a reaction between ferrous 
iron and thioglycolic acid. The addition of thioglycolic acid to 
ferric iron in concentrations greater than 1:100,000 yields a tran- 
sient blue coloration. According to Lyons (1927) this is due to 
the formation of ferric thioglycolate, Fe(SCH:,COOH)., which 
is at once reduced to the colorless ferrous thioglycolate, 
Fe(SCH,COOH),., and yields the intensely colored ferrothiogly- 
colate ion, Fe(SCH,COO),-, in alkaline solution. The presence 
of an oxidizing substance prevents the formation of the color. 
The addition of a reducing agent or more thioglycolic acid will 
restore the color. This is contrary to the opinion of Michaelis and 
Barron (1929) who believe that the color at alkaline reaction is 
not simply the ionized form of a ferrous complex, which is colorless 
at acid reaction, but that the reddish violet compound is an oxida- 
tion product of the ferrous complex. Therefore, it seems that no 
definite conclusion can be drawn as to the exact cause of the 
reddish violet color in an alkaline solution. 

No one had reported the use of this colorimetric method in the 
analysis of iron in blood until Hanzal (1933) described a procedure 
applying it to biological material, including blood. 
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The purpose of these experiments was to ascertain whether the 
thioglycolic method when applied to blood gives accurate results. 


Methods 


Samples of blood were drawn from beef cattle, sheep, hens, and 
dogs. The blood was oxalated to prevent clotting and then pre- 
pared by three different methods. 

Sulfuric Acid-Hydrogen Peroxide Digestion—Hanzal (1933) used 
1 ce. of sulfuric acid to digest 0.2 ec. of blood with the aid of 4 drops 
of 30 per cent hydrogen peroxide. This procedure was modified 
as follows in order to use larger samples of blood than were em- 
ployed by Hanzal. 

3 to 5 ec. of the blood sample were measured into a 100 ce. 
Pyrex volumetric flask. 5 ec. of concentrated sulfuric acid were 
then added, and after the acid was thoroughly mixed with the 
blood the mixture was slowly heated over a Bunsen burner until 
the blood was slightly charred. 3 cc. of superoxol were added 
after the mixture had cooled to somewhat below the boiling point 
of water. The peroxide oxidizes the charred organic material and 
leaves a clear solution. The mixture was again heated until 
charring occurred and the peroxide was again added. This pro- 
cedure was repeated until the sulfuric acid digest was entirely 
clear and colorless. The digest was then diluted to 100 cc. 

Ashing by Ignition—3 to 5 ec. of blood were measured into a 
platinum crucible containing 0.5 cc. of saturated solution of 
oxalic acid and 0.5 ce. of a 50 per cent magnesium nitrate solution, 
as recommended by Fleury and Marque (1929). The mixture 
was evaporated and ashed in an electric muffle at a temperature 
not exceeding 650°. The ash was dissolved in two 5 cc. portions 
of hot concentrated hydrochloric acid and transferred to a 100 
ec. volumetric flask. To insure a complete oxidation of the iron 
to the ferric state, which is necessary for its determination by the 
titanium titration method, 1 cc. of superoxol was added and the 
excess hydrogen peroxide boiled off. The solution was then cooled 
and diluted up to volume. 

Method of Wong—The blood sample was also prepared by the 
method of Wong (1928) in which the iron of the hemoglobin 
molecule is detached by the action of concentrated sulfuric acid, 
facilitated by potassium persulfate. The proteins are then pre- 
cipitated by tungstie acid and filtered off. 
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The standard iron solution which was used in the colorimetric 
methods and in standardizing the titanium solution was prepared 
by dissolving 0.1000 gm. of analytically pure iron wire in con- 
centrated hydrochloric acid. A little hydrogen peroxide was then 
added and the excess boiled off. The solution was then diluted to 
1 liter. This standard was again diluted by transferring accu- 
rately 60 cc. to a 600 cc. volumetric flask and diluting to the 
mark with distilled water. 

Iron determinations were made by the volumetric titanium 
and the colorimetric thioglycolic acid methods on the sulfuric 
acid-hydrogen peroxide digest and on the dissolved ash of the 
blood samples. The colorimetric thioglycolic acid and thiocyanate 
methods were used for iron determinations on the Wong filtrate. 

Iron determinations by the titanium titration method were per- 
formed on 25 cc. aliquots of the prepared solutions by the general 
method developed by Peters (1912), Laszt6é (1931), Pincussen 
and Roman (1931), and others. Sodium thiocyanate was used 
as the indicator in conjunction with methylene blue. The 
thiocyanate was added at the beginning of the titration and 
when the color had faded to almost colorless the burette reading 
was taken. Then a drop of a dilute solution of methylene blue 
was added and the titration continued very slowly until the first 
perceptible fading of the blue color was noticed. The burette 
reading was again taken and the mid-point of these two readings 
was taken as the end-point. The difference between the two 
readings was usually between 0.02 and 0.04 ce. The thiocyanate 
color indicates the amount of ferric iron present, hence at the near 
end-point where there is very little iron present the thiocyanate 
color is not perceptible. The fading of the methylene blue is due 
to a slight excess of the titanium reagent. Taking these two 
facts into consideration it can easily be seen that the mid-point of 
these two readings would be a more accurate estimation of the 
total amount of ferric iron present than either one of the individual 
readings. 

Iron determinations by the thioglycolic acid method were per- 
formed according to a modification of the method used by Hanzal 
(1933) as described below. ‘ 

This author added 1 drop of thioglycolice acid to the sulfuric 
acid-hydrogen peroxide digest which represented 0.2 ce. of blood, 
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and then added concentrated ammonium hydroxide until the 
permanent purple color made its appearance. In the present 
investigation approximately the same amount of iron was used 
for the formation of the purple color as was used by Hanzal, 
that is, the amount of iron equivalent to 0.2 cc. of normal mam- 
malian blood. Thus the iron content of 5 cc. of the sulfuric acid- 
hydrogen peroxide digest solution, the solution from the ashed 
blood, and 20 cc. of the Wong filtrate was in each approximately 
equivalent to that of 0.2 cc. of mammalian blood. Each of these 
solutions was placed in a 25 cc. volumetric flask and standard iron 
solution about equivalent in the amount of iron to that expected 
to be found in the unknown was placed in a similar flask (6.0 to 
9.0 cc.of dilute standard). Then 1 ce. of a 20 per cent solution of 
sodium sulfite was added to each flask, followed by 0.1 cc. of 
thioglycolic acid plus sufficient concentrated ammonium hydroxide 
to produce a permanent reddish purple color. 

Hanzal did not add a reducing agent such as sodium sulfite, but 
in a preliminary experiment it was found preferable to add sodium 
sulfite in order to reduce the persulfate present in the Wong 
filtrate. Less thioglycolic acid is then necessary to produce the 
color. No strong oxidizing agents are present in the sulfuric acid- 
hydrogen peroxide digest solution or the solution from ashed blood 
after the hydrogen has been boiled off; hence a reducing agent 
would not be necessary. However, in order that the procedure 
might be made standard for all three methods of preparing protein- 
free solutions, the sodium sulfite was added in every case. After 
the contents of the volumetric flasks were thoroughly mixed, 
they were diluted to volume, mixed again, and then the intensity 
of the colors compared with the standard in a Bausch and Lomb 
colorimeter. 

Hanzal’s procedure requires that the final volume of the colored 
solution be 20 ce. However, since the use of a standard 25 cc. 
volumetric flask eliminates the necessity of calibrating a test-tube 
and the slightly less intense color which is obtained in a dilution 
to 25 cc. can be compared just as accurately as a more intense 
color, the dilution to a final volume of 25 cc. was used in this pro- 
cedure. This final volume was also necessary when 25 cc. of Wong 
filtrate were used. 

Iron determinations were also made by the colorimetric thio- 
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cyanate method on the Wong filtrate as described by Peters and 
Van Slyke (1932). 
Results 


In this investigation a total of forty blood samples was ana- 
lyzed. Representative results are given in Tables I to III. 


TABLE | 
Results of Iron Determinations on Blood Samples Prepared by Ashing by 
Ignition and Wong Filtrate Methods 
The volumetric titanium and the colorimetric thioglycolic acid methods 
were used in these determinations. The values are given in mg. per 100 cc. 
of blood. 


Ashing by ignition filtrate. 
Titanium Thioglycolic acid 

Beef cattle I-A 55.8 55.4 56.0 
55.8 55.4 56.3 

I-B 55.7 55.4 56.1 

55.8 55.4 56.0 

II-A 56.4 55.7 57.0 

56.4 55.8 57.0 

II-B 56.1 55.5 56.5 

56.0 55.8 56.2 

Hen I-A 30.3 30.3 30.1 
30.3 30.2 30.1 

I-B 30.7 30.5 30.2 

30.9 30.5 30.2 

II-A 32.2 32.1 32.2 

32.2 32.1 32.2 

II-B 32.6 32.3 32.3 

32.5 32.2 32.4 

Dog II-A 47.5 47.3 47.7 
47.5 47.3 47.7 

47.2 47.3 47.5 

47.3 47.1 47.8 


Table I contains the results obtained by comparing the colori- 
metric thioglycolic acid method with the volumetric titanium 
method on ashed blood. Results of these two methods are also 
compared with the values obtained by the thioglycolic acid method 
applied to the Wong filtrate. It can be seen that all results ob- 
tained seem to check fairly well. Inasmuch as the methods check 
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each other within 2.5 per cent and individual estimations with each 
single method check with each other satisfactorily, it is reasonable 
to assume that both methods give accurate results on blood ashed 
by ignition and that the colorimetric thioglycolic acid method 
gives equally accurate results on the Wong filtrate. 


TABLE II 
Results of Iron Determinations on Blood Samples Prepared by Sulfuric Acid- 
Hydrogen Peroxide Digestion and Wong Filtrate Methods 
The volumetric titanium and the colorimetric thioglycolic acid methods 
were used in these determinations. The values are given in mg. per 100 cc. 
of blood. 


Sulfuric acid-hydrogen peroxide 
Animal Sample No. — ree 
Titanium Thioglycolic acid 
Hen I 25.8 29.1 29.5 
25.8 29.1 29.5 
II 25.5 32.8 33.0 
25.5 32.8 33.1 
Ill 24.5 29.7 30.4 
24.5 29.6 30.3 
IV 24.6 29.5 30.1 
24.8 29.8 30.1 
V 31.0 34.5 34.6 
30.9 34.2 34.4 
VI 30.8 30.9 31.1 
30.9 30.9 31.0 
Vil 21.0 38.1 
21.1 38.1 
Sheep I 45.8 50.6 50.9 
45.7 50.8 51.1 
Il 50.7 51.2 51.2 
50.8 51.3 51.2 
IV 45.6 49.2 
45.7 49.1 
Vv 48.3 51.1 
48.3 50.7 


There is an indication that the thioglycolic acid method gives 
slightly higher results on the Wong filtrate of blood than on the 
dissolved ash of blood. The increase in the color produced in the 
former case may possibly be due to some of the non-protein organic 
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substances which remain in the filtrate. A second possibility is 
the presence of very small amounts of iron in the reagent used to 
prepare the filtrate. However, the magnitude of the difference 
obtained is in most cases smaller than the magnitude of the error 
which is considered characteristic of any colorimetric method. 
In only two cases do the averages of the samples differ by more 
than 1 per cent and the accuracy of any colorimetric method is 
usually considered to be between 1 and 5 per cent. 


TaBLe III 
Results of Iron Determinations on Blood Samples Prepared by Wong 
Filtrate Method 
The thioglycolic acid and the thiocyanate colorimetric methods were 
used in these determinations. The values are given in mg. per 100 cc. 
of blood. 


Wong filtrate 
Animal Sample No. 
Thioglycolic acid ‘Thiocyanate 
Hen I-A 40.0 39.0 
39.9 38.7 
1-B 40.5 38.7 
40.3 39.5 
II-A 36.5 34.5 
36.7 34.5 
II-B 36.0 34.8 
36.3 35.6 
III-A 34.0 32.5 
34.0 33.0 
I1I-B 34.3 33.5 
34.7 32.5 
Sheep II-A 52.7 52.3 
52.7 52.7 
II-B 53.0 52.5 
53.7 53.3 


Table II contains the results obtained when the iron content of a 
sulfuric acid-hydrogen peroxide digest of blood is determined by 
the titanium titration method and the thioglycolic acid method. 
In all determinations, with the exception of two blood samples, 
the titanium method gave inconsistent and lower results than did 
the thioglycolic acid method. Values obtained by the thioglycolic 
acid method are probably not too high because determinations 


B. R. Burmester 197 
by the same method on the Wong filtrate of the same blood samples 
gave values of the same order of magnitude. Since it was not the 
purpose of these experiments to determine the cause of the low 
values obtained, no attempt is made to offer a complete explana- 
tion. However, in the course of the determinations it was noticed 
that a fine white precipitate formed in the concentrated sulfuric 
acid. It may be suggested that this precipitate was anhydrous 
ferric sulfate. This salt is very slowly soluble, hence the ferric 
ion was not in solution to react with the titanous ion. The thio- 
glycolic acid, on the other hand, forms a complex with the ferrous 
ion, which was reduced from the ferric state by the added sodium 
sulfite or the thioglycolic acid itself, as was previously described. 
The above reaction has a strong tendency to go to completion, 
hence the anhydrous ferric sulfate is rapidly drawn into solution 
by the removal of the ferric ion, thus giving the color for the total 
amount of iron present. 

Data comparing the results obtained by the thiocyanate and 
thioglycolic acid colorimetric methods on the Wong filtrate are 
given in Table III. These results indicate that the thiocyanate 
method is somewhat inconsistent, thus contributing more evidence 
to support the fact that a large number of substances affect the 
ferric thiocyanate color. The above method seems to check with 
the thioglycolic method fairly well in the majority of cases, but 
in some the values deviate more than one might expect with a 
good colorimetric method. 


SUMMARY 


The results of iron determinations obtained by the volumetric 
titanous salt, the colorimetric thiocyanate, and the colorimetric 
thioglycolic acid methods are compared with respect to blood pre- 
pared by the dry ignition, sulfuric acid-hydrogen peroxide diges- 
tion, and the Wong filtrate methods. 

Evidence has been accumulated to show that the thioglycolic 
acid method of iron determination is as accurate as the volumetric 
titanium method, and inasmuch as the thioglycolic acid method 
can be used in the determination of iron in the Wong filtrate with 
the same accuracy, this method is better adapted for the estima- 
tion of iron in relatively small quantities of whole blood. 
Evidence is also given to show that the colorimetric thioglycolic 
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acid method is more accurate than the colorimetric thiocyanate 
method. 
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I. STUDIES ON THE MECHANISM OF LIPOLYTIC ENZYME 


(From the Laboratories of the Mount Sinai Hospital, New York) 


Pancreas and liver are the chief sources of lipolytic enzymes in 
the animal body. Pancreas lipase and liver esterase differ from 
each other in many regards, and the study of their differentiating 
characteristics is necessary for the ultimate decision as to their 


An understanding of these differences must be based on the 
essential contrast in purpose between the groups of digestive 
enzymes excreted into the gastrointestinal tract and the group of 
intracellular enzymes whose function in metabolism is not as well 
recognized at present. The ease with which an enzyme can be 
mobilized, the strength of its bond to the cell protoplasm, and its 
chemical character are related to its physiological purpose. The 
transition of cell-bound desmoenzymes into soluble lyoenzymes, 
and the release of cell-confined endoenzymes, profoundly influences 


The mechanism of enzymatic lipolysis depends also on the degree 
of purity of the catalyst; for instance, elimination of concomitant 
substances by preparative procedures modifies the susceptibility 
towards inhibiting factors or the pH optimum (Willstdtter, 
Haurowitz, and Memmen, 1924; Sobotka and Glick, 1934), while 
the addition of foreign proteins modifies the specificity (Falk, 
1932). The authors will show in the following publication, that 
the pH-activity curves are essentially the same for liver and pan- 
creas but vary with the nature of the buffer, the degree of enzy- 
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matic purity, and the constitution of the substrate. Observations 
of this nature suggest the possibility of a genetic relationship be- 
tween the lipases of pancreas, stomach, intestinal mucosa, serum, 
milk, ete. The properties of an enzyme, elaborated in one organ, 
may be changed by transition into another organ or body fluid. 


TaBLe I 
Relative Velocity of Hydrolysis by Liver and Pancreas Enzyme 


Amount of 0.1 N acid formed from 0.25 cc. of substrate in 10 cc. of total 
volume extrapolated for 1 cc. of enzyme solution and 1 hour at 25° with 2 
ec. of N NH;-NH,Cl buffer; initial pH = 8.1. 


Ethy! ester Triglyceride 
Acid 
Liver Pancreas Liver Pancreas 

5.76 1.00 3.60 7.12 


* Emulsified with gum arabic. 


Virtanen and Suomalainen (1933) observed considerable increases 
of liver esterase when injecting pancreatic lipase into rabbits. On 
the other hand, the preservation of such characteristics as suscepti- 
bility to alkaloid poisons has been employed to decide the pan- 
creatic or hepatic origin of serum lipase. 

Specificity of Lipase and Esterase—The relative specificity of 
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pancreas for fats and of liver for simple esters is the chief point of 
discrimination between the two enzymes, which accordingly have 
been designated as liver esterase and pancreas lipase. The 
assumption that an enzyme, such as lipase, is a mixture of a great 
many enzymes, each specific fora single substrate, has generally 
been abandoned; especially since one could hardly assume that the 
organism would elaborate individual enzymes for the great many 
non-physiological substrates known to be hydrolyzed in vitro. On 
the other hand, it seems peculiar that the body should avail itself 
of various enzymes, as lipase and esterase, for the hydrolysis of 
any one substrate. But such seems to be the case, as may be 
seen from Table I, where a comparison between the action of liver 
and that of pancreas is given for a number of substrates. 

Data, such as those given in Table I, are an inadequate basis for 
conclusions as to enzyme specificity. When comparing the action 
of enzymes from various sources on a set of substrates, one cannot 
content oneself with the cross-section obtained by measurements 
of reaction velocities under a single arbitrary standard condition. 
Michaelis and Menten (1913) and Kuhn (1923) have demonstrated 
the important réle of substrate concentration. The mathe- 
matical relationship between substrate concentration and enzy- 
matic activity, as verified in many instances by the typical 
sigmoidal activity-pS curves, is most easily explained by the 
assumption of a stoichiometric substrate-enzyme combination (pS 
= negative logarithm of substrate concentration). This hypoth- 
esis permits the characterization of the action of an enzyme on 
a given substrate by two constants, (1) the affinity and dissociation 
constant (Michaelis constant) of the enzyme substrate compound, 
(2) a constant, characteristic for the rate at which the end-products 
of the reaction are formed from this enzyme-substrate compound. 
Apparent differences in specificity, as illustrated in Table I, have 
been explained in several other cases by variations in affinity; from 
this, the ratio of the extrapolated maximal reaction velocities of 
the various substrates revealed the intrinsic identity of enzymes 
from different sources, previously suspected of being distinct 
entities (Willstitter, Kuhn, and Sobotka, 1923, 1924). When the 
actions of lipolytic enzymes are treated in this manner, the inhibi- 
tion of enzyme by excess substrate, due to the formation of an 
inactive or less active ES, or ES, compound, has to be reckoned 
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with (Murray, 1929; Bamann and Schmeller, 1931; Albers, 1933). 
An experimental limitation for the evaluation of affinity, in the 
case of substances of higher molecular weight, is their solubility, 
which is often so low that the necessary measurement of reaction 
speed at varying substrate concentrations cannot be carried out. 
Another problem, which involves the stepwise progress of hydroly- 
sis in the case of glycol or glycerol esters, will be considered below. 

Substrates and Enzymes Used in This Investigation—The butyrins 
offer several advantages as substrates for the study of the mecha- 
nism of enzymatic lipolysis. They stand as border-land com- 
pounds between the natural lipase substrates and those simple 
esters for which liver esterase is most specific, and besides they 
are sufficiently water-soluble to allow enzymatic measurements in 
a homogeneous solution. 

From the preparative experiences of Glick and King (1932-33) 
it seems that pancreas lipase is associated with globulin. We have 
found liver esterase to be contained largely in the albumin fraction. 
Accordingly, the globulin portion of pancreas and the albumin of 
liver, both obtained by ammonium sulfate fractionation of am- 
moniacal extracts of the acetone-dried hog organs, were employed. 

Kinetics—The kinetics of liver esterase action may be described 
simply as a linear or 0 molecular reaction, a direct outcome of its 
high affinity for substrate. The linear course of the reaction, 
which is maintained even after 90 per cent of the substrate has been 
hydrolyzed, excludes the existence of any inhibitory effect by 
cleavage products. 

The kinetics of pancreas lipase action offer an entirely different 
picture (Fig. 1). The reaction curves for all substrates flatten 
within a short time after a steep rise and follow an almost hori- 
zontal course when a few per cent of the total possible hydrolysis 
has been effected. This peculiarity in pancreas lipase kinetics 
cannot be ascribed to a low affinity for substrates, since this affinity 
—although lower than that of liver—is so great, that one would 
expect a time-reaction curve resembling that of liver esterase. 
Neither can any inhibition by split-products be responsible for 
the flattening of the curve, since the influence of butyric acid and 
the alcohols including glycerol, in those amounts formed during 
the reaction, was found to be negligible by separate control experi- 
ments. In the case of polyvalent substrates, one might suspect 
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that the reaction stops after hydrolysis of 1 equivalent. While 
this case has been verified for the diesters of dicarboxylic acids 
(unpublished experiments; cf. Christman and Lewis, 1921; Hyde 
and Lewis, 1923), it certainly does not hold for the glycerides, 
since di- and monobutyrin are hydrolyzed with a velocity of the 
same order of magnitude (cf. Murray, 1929). The primary split- 
product of a triglyceride may be either the a,§-diglyceride or 
the a,y-diglyceride. The enzymatic hydrolysis of a,f-diglye- 
erides has not been investigated, since their preparation has not 
been accomplished due to intervening acyl migration (Averill, 
Roche, and King, 1929). It is not known whether this acyl 
migration proceeds as quickly under biological conditions as in 
preparative attempts. However, the percentage of hydrolysis, 
at which pancreatic lipase action comes to a standstill, is essentially 
below the value expected even if only 1 acid equivalent were 
hydrolyzed. Addition of more pancreas enzyme, after the curve 
has flattened, is without effect on the slow course of the reaction 
(Curves C and D in Fig. 1); this observation excludes enzyme 
destruction as a cause for the greatly diminished reaction rate 
Furthermore, it is very improbable that the unusual kinetic curves 
ean be accounted for by a true equilibrium with the synthetic 
reaction at these low percentages of the possible hydrolysis. 
However, an explanation was afforded by a consideration of the 
role of the inactive areas on the colloidal enzyme particles. 

Inactive Areas on Enzyme Particles—When an additional amount 
of substrate is added after the reaction has reached its sluggish 
state, a new spurt ensues, and this phenomenon may be repeated, 
as shown in Curve A, Fig. 1. This suggests that a great portion of 
the substrate has disappeared from the solution without being 
hydrolyzed. One might feel induced to qualify this disappearance 
as irreversible, were it not for the observation that addition of liver 
enzyme causes a progress of the reaction. These facts can be 
explained best, we believe, by the hypothesis, that the substrate 
is bound to inactive areas of colloidal pancreas globulin particles in 
such a manner that it is not accessible to the active groups of the 
pancreatic enzyme itself, but remains available to added liver 
esterase If this hypothesis is correct, the combination of large 
amounts of substrate with inactive areas or “dead spots’’ on the 
lipase particles or with altogether inactive globulin particles 
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evidently would diminish the actual concentration of substrate in 
the aqueous phase. This, in turn, would increase the apparent 
solubility of the substrate; such was found to be the case experi- 
mentally (Table II). 
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Fie. 1. Kinetics of monobutyrin hydrolysis by pancreatic lipase. Curve 
A, hydrolysis of 0.9 mm monobutyrin in 50 ec. reaction volume at 28° by 0.1 
ec. of pancreas globulin solution. Addition of 0.9 mm monobutyrin after 50 
and 130 minutes. Curve B, hydrolysis of 1.8 mm monobutyrin under the 
same conditions. Curve C, hydrolysis of 3.4mm monobutyrin in 50 ce. (7.c. 
saturation for enzyme solution used, cf. Table II) by 0.1 ec. of pancreas 
globulin. . Addition of 0.1 ec. of pancreas globulin after 140 minutes and of 
0.1 ee. of liver albumin solution after 150 minutes. Curve D, hydrolysis of 
4.5 mM monobutyrin in 50 ce. (emulsion) by0.1 cc. of pancreasglobulin. Ad- 
dition of 0.1 ec. of pancreas globulin after 195 minutes. Titration with 0.01N 
NaOH according to Knaffl-Lenz. The horizontal lines at the right margin 
indicate 2 per cent hydrolysis of the total amounts of monobutyrin given. 


Increased Solubility in Enzyme Solutions—As shown in Table II, 
the solubility of the butyrins is increased as high as 20 times in 
solutions of pancreas lipase, and to a lesser degree in liver esterase 
solution, as compared to the solubility in water. This signal in- 
crease in substrate solubility explains the paradoxical observation 
that the enzymatic saponification of saturated solutions of mono- 
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butyrin is surpassed by the reaction velocity of an emulsion of the 
ester under equal conditions (Fig. 1, Curve B against Curve D). 
The concentration of the saturated aqueous solution drops after 
addition of the enzyme much below its original level, while in the 
case of an emulsion, saturation of the aqueous phase is maintained 
at the expense of the ester phase. 

Affinities of Butyrins—The affinities of the enzyme preparations 
for tri-, di-, and monobutyrin were determined. The dissociation 
constants of the enzyme-substrate compound are a reciprocal 
measure of the affinity, and they represent that substrate concen- 
tration at which the enzyme used reacts with one-half of its maxi- 
mum velocity, indicating that at this substrate concentration 
one-half of the enzyme is effectively bound with the substrate. 


TaBLe II 


Solubility of Butyrins and Octyl Alcohol in Water and in Enzyme Solutions 
al 30° 


Tributy- | Dibuty- Mono- Octyl 
rin rin butyrin | alcohol 


ec. per cc. per cc. per ce. per 
100 ce. 100 cc. 100 cc. 100 ce. 


0.2 ec. pancreas globulin. ............. 0.055 | 0.696 | 1.098 | 0.111 
0.032 0.588 | 1.000 | 0.104 


Determination of affinities of lipolytic enzymes have been almost 
completely confined to the problem of optical selectivity. How- 
ever, Bamann and Schmeller (1929) measured the affinity of liver 
esterase from a number of animals for methyl butyrate. The 
constants ranged between 0.0010 for rabbit, 0.008 for man, and 
> 0.030 for horse liver. The high degree of substrate affinity, as 
indicated by values of the order of magnitude 10~* is not reached 
by any other hydrolytic enzyme, and its bearing on the kinetics 
of esterase action has been referred to above. 

The authors found (Table III) the Michaelis constant of hog 
liver esterase for methyl butyrate equal to 200 X 10-, 7.e. in the 
same range as that of rabbit, sheep (0.0013), and dog (0.0028). 
These affinities are greatly surpassed by that of tributyrin for hog 
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liver esterase, with a dissociation constant of 35 x 10-5, represent- 
ing an extremely high affinity. The affinity of the liver enzyme 
for dibutyrin is 5 times, and that for monobutyrin is 25 times 
smaller than that for tributyrin.' 

All of these substrates have less affinity for pancreas than for 
liverenzyme. The ratio of affinity for pancreas to that for liver is 
1:2 for tributyrin, 1:5 for dibutyrin, 1:8 for monobutyrin, and 
about 1:50 for methyl butyrate. 

The quantitative estimation of the amounts of substrate bound 
to inactive areas is not possible with the present data, but one may 
put it at a value of the same magnitude as the increment of solu- 
bility. The proportion of inactive to active area on the enzyme is 
a matter of conjecture, although it must be a very high figure. 
Likewise, the affinity or adsorption constant between substrate 
and inactive area can only be surmised. The above observations 
modify even our interpretation of the enzyme-substrate dissocia- 
tion constant as a measure of affinity between substrate and active 
enzyme. The apparent substrate concentration, on which the 
computation of the affinity was based, equals the total amount of 
substrate added. This is greater than the amount of substrate 
actually in true solution. The numerical value of the ratio of total 
to dissolved substrate will approach, perhaps, the ratio of the 
amount taken up in enzyme solution to that in water. The same 
factor of correction would apply to the dissociation constant. 
Hence, the true affinity of pancreas lipase for tributyrin will be 
about 20 times higher than the apparent affinity of pancreas 
globulin, and the Michaelis constant would approach 3 x 10-° 
instead of 60 X 10-°. 

Maximum Velocities of Butyrin Hydrolyses—On the basis of these 
data, one can compare the maximal velocity of hydrolysis for each 
substrate-enzyme couple. This maximum velocity may be calcu- 
lated by doubling the value of the velocity at a substrate concen- 
tration, numerically equal to the dissociation constant. These 
theoretical maximum velocities afford a comparison regardless of 
substrate concentration (Willstatter and Kuhn, 1923). When 


1 The fact that the affinity of lipolytic enzymes decreases from tri- 
to di- to monobutyrin will cause, in dilute solutions, an accumulation of the 
diglyceride. This factor is significant for the regulation of lecithin syn- 
thesis by intervening phosphorylation. 
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referred to tributyrin = 1, they are 3.15 for the action of liver on 
dibutyrin, and 2.10 for liver on monobutyrin, 0.61 for pancreas on 
dibutyrin, and 1.80 for pancreas on monobutyrin. The ratio 
tributyrin to monobutyrin is the same for liver and pancreas within 
the limits of error, and suggests a similarity between the two 
enzymes, despite the variation in affinity. However, since this 
does not hold for the ratio to dibutyrin, further study of this 
question is required. 


TaBLe IIT 


Affinities of Butyrins for Liver Albumin and Pancreas Globulin, Expressed 
by Dissociation Constants K. X 10° without and with Addition of Octyl 


Alcohol 
| Maximum velocities 
| extrapolated for substrate 
| concentiation = 0 
| referred to tributyrin 
Concentration of octyl alcohol | 0 X | G8 X | 16 x) 68 x | 25 x 
Liver albumin | 
Tributyrin...........] 35 | @ 23 15 1.00} 0.99} 1.07| 0.48 
180 | 260 450 800 | 3.15] 3.27] 3.33] 2.00 
Monobutyrin......... 9020 | 900 | 2200 4000 | 2.10) 1.85) 2.10) 1.12 
Methyl butyrate...... 200 700 2.00 1.45 
Octyl aleohol......... 7.5| 10.5 
Pancreas globulin 
Tributyrin.. .......... 60 | 25 35 30 | 1.00} 0.71) 0.74) 0.53 
..... 1000 $1300 1400 0.61) 0.61) 0.60) 0.51 
Monobutyrin......... 7500 | 7500 6300 3500 1.80) 1.80] 1.73) 0.91 
Methyl butyrate...... > 9000* 


* See Willstiitter and Memmen (1924). 


Influence of Octyl Alcohol—Glick and King (1932) had studied 
the influence of surface-active substances on the action of pancreas 
lipase and liver esterase. We determined the apparent affinity 
constant of liver and of pancreas enzyme for the three butyrins in 
the presence of rising amounts of octyl aleohol (Table ITI). 

Non-competitive inhibition, probably the effect of inhibitor 
combining with the inactive enzyme areas, results in no change of 
the Michaelis constant (same number of active groups available), 
but the theoretical maximum velocity is reduced (Waldschmidt- 
Leitz, 1929; Haldane, 1930). A few affinity-pS curves, representa- 
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tive for the results of Table III, are given in Figs. 2 to 4. The 
affinity of octyl alcohol for the inactive part of the enzyme is 
expressed by the dissociation constant A’;, according to Equation 


(1) = 1: (1+ 


1, where v is the velocity without, and v’ with the inhibiting sub- 
stance in concentration f (see Haldane, 1930). A’; equals 25 X 
10~° according to our experiments. 
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Fia. 2. pS-activity curves for monobutyrin hydrolysis by liver esterase; 
without octyl alcohol and in the presence of 6.8 X 10~* and 25 X 10° Mm 
octyl aleohol. Points of inflection (Michaelis’ constants) are indicated by 
short vertical lines on curves. The horizontal lines at the right margin are 
the asymptotes of the affinity curves. pS = negative logarithm of 
substrate concentration; p = relative initial velocity. 


But octyl alcohol affects also the affinity between enzyme and 
substrate. Competitive inhibition, resulting from the union of 
inhibitor to active center on the enzyme, produces an increase in 
the Michaelis constant (decrease in affinity), although the theo- 
retical maximum velocity remains the same. Octyl alcohol lowers 
the affinity of liver esterase for dibutyrin, monobutyrin, and 
methyl butyrate to 0.5 and 0.25 its value in a concentration of 
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6.8 X 10-° and 25 X 10- respectively.2. As shown for the case 
of monobutyrin in Fig. 2, the affinity curve shifts towards higher 
substrate concentrations (lower pS) with increasing amounts of 
octyl alcohol. A competitive inhibitor (Michaelis and Menten, 
1913), of an affinity constant for the enzyme of 1/Ky,, present in 
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Fia. 3. pS-activity curves for tributyrin hydrolysis with liver esterase; 
without and with 1.6 X 10-5 and 25 X 10-° M octyl alcohol. Broken lines 
indicate part of curves not verified experimentally because of limited 
solubility of substrate. pS = negative logarithm of substrate concentra- 
tion; p = relative initial velocity. 


concentration f, reduces the hydrolysis of a substrate of affinity 
constant 1/K, and concentration z, in the ratio 


f 


where wv signifies the rate of hydrolysis without, and v with in- 
hibitor. Thus, the apparent dissociation constant K, pp. is 
increased according to*® 


(3) K. app. = K. (1 + (f/Ky)) 


? The inhibitory effect of acetophenone and other substances on the 
hydrolysis of ethyl butyrate by pancreas enzyme has been recognized by 
Murray (1929) as a case of competitive inhibition. 

3 For the derivation of these formulas consult Haldane (1930), p. 46. 
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This type of inhibition allows the computation of the affinity of the 
active group of the enzyme for the inhibitor according to Equation 
2. However, a correction for the simultaneous non-competitive 
inhibition according to Equation 1 must be introduced. The 
effect of non-competitive inhibition is mathematically eliminated 
by introducing, instead of v’, 


(4) v =v’ (1 + (f/K’s)) 


as the v in Equation 3. The values of K; for octyl alcohol with 
liver esterase, obtained from various sets of experiments, varied 
between 7.3 X 10-°and 10.4 

The addition of octyl alcohol to tributyrin with either enzyme, 
and to monobutyrin with pancreas enzyme, allowed a novel obser- 
vation to be made. In these instances, the affinity of the enzyme 
for the substrate seemed to be increased; it was doubled in the 
presence of 25 X 10-* M octyl aleohol. This is the reason for the 
accelerating effect of the alcohol in moderate substrate and octyl 
alcohol concentration. In higher concentrations, both of substrate 
and inhibitor, the increase of substrate affinity is counterbalanced, 
and even overbalanced by the non-competitive inhibition. 

These conditions can be understood best by inspection of Figs. 
3 and 4. Here the points of inflection of the pS-affinity curves 
shift to the region of lower substrate concentration as the octyl 
alcohol concentration is increased. This results in an acceleration 
by 1.6 X 10- octyl alcohol for liver enzyme with tributyrin. 
With a higher concentration of the alcohol, non-competitive inhi- 
bition prevails, as manifested by the lower parameter of the affinity 
curve. In the case of pancreatic enzyme, Fig. 4, the drop of the 
parameter, caused by 1.6 X 10-* m octyl alcohol, is sufficient to 
overcome the increased affinity for tributyrin (pS 3.22 — 3.60) in 
concentrations above 0.0007 m tributyrin. This is the abscissa of 
the point where the two curves cross, and it separates the region 
of acceleration from that of retardation for this concentration of 
octyl aleohol. Loevenhart and Peirce (1906-07) have shown that 
small amounts of NaF accelerate enzymatic lipolysis, while larger 
amounts produce inhibition. 

Mechanism of Octyl Alcohol Acceleration—The previous observa- 
tions on the kinetics of pancreas lipase and on the increased solu- 
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bility of substrate offer an explanation for this unprecedented 
increase of affinity. The surface-active alcohol competes with 
substrate not only for the active areas on the enzyme, but also 
for the inactive ‘dead spots.’’ Thus the presence of octyl alcohol 
actually diminishes the amount of tributyrin taken up by these 
inactive enzyme areas, so that more of the substrate remains in 
true solution. Hence, more hydrolysis is effected and accelera- 
tion is observed. 

Inhibition by Excess Substrate—The dissociation constants K, 
and K’, for octyl aleohol and liver esterase bear the ratio 1:3. 
These constants have a bearing on Haldane and Murray’s theory 
of inhibition by excess substrate (Murray, 1930), according to 
which a substrate such as ethyl butyrate combines with sheep liver 
esterase in two proportions, ES and ES,. The dissociation con- 
stants of these compounds are K, = 0.00114 and K’, = 0.00971. 
ES is the labile product which decomposes spontaneously, yield- 
ing ethyl alcohol, butyric acid, and regenerated catalyst. The 
ES, is stable and is decomposed at a considerably reduced rate, 
if at all (Bamann and Laeverenz, 1931; and Schwab, Bamann, 
and Laeverenz, 1933). 

We propose that the area of the enzyme molecule, from which 
emanates the weaker force of affinity for the second substrate 
molecule, be identical with that area where attachment of octyl 
alcohol causes non-competitive inhibition. The second substrate 
molecule, then, would exert the same type of retarding influence as 
the octanol in its non-competitive function. The reduced rate 
of saponification of (ZS)S and (ES)F (F = foreign substance) 
compared to that of (ZS) is thus based not only on formal, but also 
on structural analogy (cf. Bamann and Laeverenz, 1931). 


EXPERIMENTAL 


Enzyme Solutions—-10 gm. of acetone-ether-dried hog gland pow- 
der were digested with 300 ec. of 0.025 N ammonium hydroxide 
for 3 hours at 37°. The supernatant liquid, after being centri- 
fuged, was neutralized with acetic acid to brom-thymol blue, and 
the solution was made up to 400 ce. The globulin fraction was 
obtained by adding an equal volume of saturated ammonium sul- 
fate solution. ‘The precipitate was taken up in water and dialyzed 
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in so called fish-skins (animal gut) at 0° against distilled water 
until free from sulfate. The liquid in the bag was made up to 350 
cc. The solution contained 1.46 mg. of total solids in 1 ec. for the 
pancreas preparation used in the experiments. 

The albumin fraction was prepared by saturation of the filtrate 
from the globulin precipitate with ammonium sulfate. The 
precipitate formed was dissolved, dialyzed, and made up to volume 
as in the case of the globulin. Total solids, in the case of the liver 
preparation used, were 2.50 mg. in 1 cc. 

Solubility of Substrates—Solubilities of mono-, di-, and tri- 
butyrin and of octyl aleohol were determined by the method of 
Sobotka and Kahn (1931). The results, expressed in cc. of solute 
per 100 cc. of solvent, are given in Table II for water and for 
enzyme solutions diluted 100 and 500 times. The interference 
by hydrolysis of the substrate was negligible under the conditions 
of the determination. 

The mutual interference between octyl alcohol and tributyrin is 
demonstrated by the following figures: The amount of octyl alco- 
hol taken up by 100 ce. of pancreas globulin solution, diluted 1:500 
(total solids 0.29 mg. per 100 cc.) and saturated with tributyrin, 
was 0.053 ec. instead of 0.111 cc., as taken up by the same enzyme 
solution without tributyrin. The amount of octyl alcohol taken 
up by 100 cc. of saturated tributyrin solution without enzyme is 
0.050 ce. 

Methods of Determination of Enzymatic Hydrolysis—The stalag- 
mometric estimation of tributyrin hydrolysis, in spite of its merits, 
could not be used for kinetic studies, since preliminary experiments 
showed that the decrease in drop number is not proportional, but 
much greater than the percentage hydrolysis by titration. These 
discrepancies appear to be inherent to surface tension methods, as 
they were confirmed by the more accurate static method with a 
platinum ring and a torsion balance. 

The measurement of enzymatic activity for the data recorded in 
Table I was performed with 2 ce. of N ammonia-ammonium 
chloride buffer (1:2), 0.25 ce. or 0.50 ec. of the original enzyme 
solution in a total volume of 10 cc., and 0.25 ce. of substrate. 
After shaking in a shaking machine at 25° for a given length of time 


4 @,y-Dibutyrin was prepared from 8-iodohydrin with butyryl-chloride; 
see Averill, Roche, and King (1929). 
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(30 to 120 minutes with the exception of olive oil and tristearin 
which were run for 24 hours), the reaction was stopped by the 
addition of 100 cc. of ethyl alcohol, and the resultant solution was 
titrated with 0.2 n sodium hydroxide, 10 drops of 1 per cent 
thymolphthalein being used as indicator. The figures in Table I 
are extrapolated for 1 cc. of enzyme and 60 minutes duration of 
the reaction. 

The measurements recorded in Table IV were carried out at 
room temperature (25-28°) by the method of Knaffi-Lenz (1923). 
0.1 ce. of enzyme solution was added to 50 ce. of ester solution 
containing 4 drops of 0.04 per cent aqueous brom-thymol blue 
(Bamann and Schmeller, 1931). The pH was kept at 7.0 by add- 
ing dropwise 0.01 Nn sodium hydroxide to neutralize the acid 
liberated by the enzymatic hydrolysis as fast as it was formed. 
The effect of non-enzymatic hydrolysis, determined in parallel 
experiments, was found to be negligible. The number of drops 
(40 drops per 1 cc. with the special burette used throughout these 
determinations) required in each 5 minute interval was recorded. 

Reaction curves obtained by this procedure are given in Fig. 1. 
The data on which the affinity calculations are based were obtained 
by the same method. v in Table IV represents the initial velocity 
as measured by the number of drops required for maintenance of 
constant pH during the first 10 minutes. v was constant over a 
prolonged period in the case of liver esterase, while it decreased 
rapidly for the ensuing period in the case of pancreas lipase. In 
some cases, with lower substrate concentrations, the number of 
drops during the first 5 minutes was doubled instead of using the 
number for the first 10 minutes because of the early retardation. 

Computation of Michaelis Constants—The Michaelis theory 
postulates that the velocities of hydrolysis at various substrate 
concentrations m, m:, . . . bear the same ratios as the values 
of the term m/(m + K,). This term represents the fraction p of 
the enzyme, combined with substrate, K, being the dissociation 
constant of this compound. The relative velocities ,, v2 . . 
have to be multiplied by a characteristic factor c, in order to ob 
tain the percentage of combined enzyme (100p observed). Values 
of K, and c are chosen to yield a pS-activity curve on which the 
observed points could be fitted. In Figs. 2 to 4 the curves are 
constructed according to the calculated theoretical values (100p 


TaBLe IV 
Comparison of Enzymatic Hydrolysis with Various Substrate and Octyl 


Alcohol Concentrations. Computation of Michaelis Constant 
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m = molarity of substrate, v = velocity (number of drops of 0.01 N in 10 
minutes), f = concentration of octyl alcohol, c = factor for conversion of v 
into 100p, p = m/(m + K.), K, = Michaelis constant, 4 = 100p observed 
minus 100p calculated. Bold-faced figures in column “‘v’’ indicate accelera- 


tion by octanol. 


100p 
m X 104 v 4 
Ob- Calcu- 
served lated 
Tributyrin and liver albumin, f=0,| 2 8 36 36.5 —0.5 
c = 4.5, K, X 10° = 35 4 12 54 53.5 | +0.5 
8 15 67.5 | 69.5 —2 
22 20 90 86.0 | +4 
f =16X 10, c =4.55,K,X10°=| 2 11 50 50 0 
20 4 14.5 65.5 | 66.5 -1 
8 18 81.5 | 80 +1.5 
22 20 91 91.5 —0.5 
f =68 X 10-5,c=4.2,K,X10°=| 2 10 42 41.5 | 
28 4 14 59 59 0 
8 18 75.5 | 74 +1.5 
22 21 88 89 -1 
f=25 X 10°,c=9.3,K,xX10°=| 2 6 56 57 -1 
15 4 8 74.5 | 73 +1.5 
8 9 84 84 0 
22 93 93.5 —0.5 
Tributyrin and pancreas globulin,) 2 26 25 
f =0,c = 2.6, K, X 10° = 60 4 41.5 | 40 +1.5 
8 60 57 +3 
22 75.5 | 79 —3.5 
f=16X10-,c=3.65,K,X10%=| 2 44 44 0 
25 4 64 62 +2 
8 76.5 | 76 +0.5 
22 88 90 
f =6.8 X 10-,c=3.5,K,X 10% =| 2 35 36. 
35 4 56 53. 
8 70 69. 
22 86 86 
f=2 xX 2 39 40 
30 4 59 57 
22 88 88 
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TABLE 1V—Conlinued 


100p 
m X 10' v A 
Ob- Caleu- 
served | lated 
Dibutyrin and liver albumin, f= 0, | 18 35 50 50 0 
ec = 1.43, K, X 10° = 180 180 64 91.5 | 91 +0.5 
320 63 90 95 —5 
f =1.6 X 105, c = 1.37, K, X10°| 18 30 41 41 0 
= 260 180 64* 88 88 0 
320 60 82 92.5 | —10.5 
f =6.8 X 10-5, c = 1.35, K, X 10°| 18 21 28.5 | 28.5 0 
= 450 180 59* 80 80 0 
f =25 X 10-5, c = 2.25, K, X 10° | 18 9 20 18.5 | -1.5 
= 800 36 13 29.5 | 31 +1.5 
180 32 72 69.5 —2.5 
Dibutyrin and pancreas globulin, | 36 6 26.5 | 26.5 -1 
f =0,and 1.6 X 10-5, c = 4.25, K, | 180 | 16 68 64 +4 
x 10° = 1000 320 17 72.5 | 76 —3.5 
f =6.8 X 10, c = 4.3, K, X 10°! 36 5 21.5 | 22 —0.5 
= 1300 180 14 60 58 +2 
320 16 69 71 —2 
f = 25 X 10,c = 5.1, K, X 10° | 36 4 20.5 | 20.5 0 
= 1400 180 11 56 56 0 
Monobutyrin and liver albumin, f | 100 24.5 | 54 52.5 | +1.5 
= 0,c = 2.2, K, X 10° = 900 260 32 70.5 | 74 —3.5 
520 40 =| 88 85.5 | +2.5 
f =1.6 X 10~, c = 2.45, K, X 10° | 100 22 54 52.5 | +1.5 
= 900 260 28 68.5 | 74 —5.5 
520 36.5 88.5 | 85.5 +3 
f = 6.8 X 10-5, c = 2.3, K, X 10° | 100 13 30.5 | 31.5 | -1 
= 2200 260 24 56 54 +2 
520 30 70 70.5 | -—0.5 
f = 25 X 10°, c = 4.0, K, X 10° | 100 5 20 20 0 
= 4000 260 10 40 39.5 | +0.5 
520 14 56 56.5 | —0.5 
750 16 64 65 -1 
Monobutyrin and pancreas globu- | 100 s 11.5 | 12 —0.5 
lin, f = Oand 1.6 X c = 1.45, | 260 17 25 25.5 | -0.5 
K, X 10° = 7500 520 29 42 
51 
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100p 
m X 10¢ 4 
Ob- Caleu- 
served | la 

f =68 X 10, c = 1.5, K, X 10° | 100 8 12 13.5 —1.5 

= 6300 260 16 24 23 +1 

520 32 48 45 +3 

750 33 49.5 | 54.5 —5 

f = 25 X 10-5, c = 2.85, K, X 10° | 100 8 23 22 +1 
= 3500 260 15 43 42.5 | +0.5 

520 21 60 60 0 
750 24 68.5 | 68 +0.5 
Methyl butyrate and liver albumin, 1.75} 11 24.5 8 +16.5 

f = 0, c = 2.25, K, X 10° = 200 17.5 | 20.5 | 46.5 | 46.5 0 
| 45 30* 67.5 | 68 —0.5 

90 32 72 82 —10 
f = 25 10, c = 3.1, K, X 10° 1.75} 1 3 2.5 | +0.5 
= 700 17.5) 6 18.5 | 20 —1.5 

45 12.5* | 39 39 0 

90 20.5 | 57.5 | 55.5 | +2 


* Determinations used in examples on p. 218 for computation of the 
Michaelis constant of octyl alcohol. 


calculated = m/(m + K,)), while the experimental points were 
plotted with the ordinates v X c = 100p observed. The values of 
the Michaelis constants K, obtained in this manner are listed in 
Table III. The maximum velocities for infinite substrate concen- 
tration, as given in the right half of Table III, were obtained by 
the following extrapolation. 
(5) ... 0, 
Since v = 100p/c, v,, becomes 100/c. All values v,, were then 
referred to v,, of tributyrin = 1 for each enzyme. 

The Michaelis constant of liver esterase for octyl alcohol was 
derived according to equation 

K, 


(6) K; = 
(3-1) x m+ xo 


where v is inserted from Equation 4. 
E.q. for methyl butyrate (K, X 10° = 200) in the concentra- 
tion 45 X 10-*, v9 was 30, v’ was 12.5 for octyl aleohol concentra- 
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tion f = 25 X 10>. K’, X 10° was estimated at 25; thus v= 
17.25 and Ky X 10° becomes 10.4, as 
25 X 0.0020 
( (30/17.25) — 1) X (0.0045 + 0.0020) 


For dibutyrin in the molar concentration 0.00180 (K, X 105 = 
18), the experiment with 6.8 X 10-* octyl alcohol yields Ky X 
10° = 7.3, since 
6.8 X 10° X 0.00018 
( (64/59) — 1) X (0.00180 + 0.00018) 


= 0.000104 


= 0.000073 


SUMMARY 


The activity of liver and pancreas lipolytic enzymes on a series 
of simple esters, diesters, and triglycerides was measured. The 
affinities and kinetics of both enzymes for tri-, di-, and monobuty- 
rin were determined. The relative theoretical maximum velocities 
of hydrolysis were calculated. The solubilities of the butyrins in 
enzyme solutions were measured and compared with their water 
solubilities. The influence of octyl alcohol on the speed of 
hydrolysis, and on the affinity of the above substrates for the 
enzyme was investigated. 

Liver esterase and pancreatic lipase differ from each other (1) 
by their physiological function, (2) by the nature of the protein 
fraction in which they are found, (3) by their substrate specificity, 
(4) by the type of their kinetics, (5) by the difference of affinity for 
a given substrate, and (6) by the influence of a foreign substance 
on their action. 

Liver esterase and pancreatic lipase, however, follow similar 
pH-activity curves (cf. following paper); some of the differences 
in specificity can be explained on the basis of differences in affinity 
which may vary because of factors associated with, but not identi- 
cal to the catalytically active groups. One such factor was shown 
to be the presence of a surface-active substance such as octyl 
alcohol. The accelerating and retarding action of octyl alcohol 
can be demonstrated for both enzymes by varying the concentra- 
tion of substrate and of octyl aleohol. The underlying mechanism 
of the effect of octyl aleohol can be symbolized by the following 
formulas. (£S) normal enzyme-substrate compound, Michaelis 
constant = A,; (ZF) enzyme-inhibitor compound, Michaelis 
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constant = Ky, reduction of available active enzyme groups, 
competitive inhibition; (£S)S second substrate molecule bound 
with lesser affinity, A’,, reducing rate of hydrolysis for first sub- 
strate molecule, inhibition by excess substrate; (HS)F non-com- 
petitive inhibition by foreign substance, attached to inactive por- 
tion of enzyme with affinity K’,. 

The existence of inactive areas on the enzyme gives a basis for 
the understanding of the differences in kinetics between pancreas 
and liver enzyme, indicates a correction of the Michaelis constant, 
offers an explanation of non-competitive and excess substrate 
inhibition, and makes clearer the mechanism of acceleration. 
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LIPOLYTIC ENZYMES 


II. THE INFLUENCE OF HYDROGEN ION CONCENTRATION ON 
ACTIVITY OF LIVER ESTERASE 


By HARRY SOBOTKA anp DAVID GLICK* 
(From the Laboratories of the Mount Sinai Hospital, New York) 


(Received for publication, October 25, 1933) 


The study of the nature of enzymes and of the mechanism of 
their action requires an insight into the relationship of enzymatic 
activity and hydrogen ion concentration, substrate and enzyme 
concentrations, kinetics of the catalyzed reaction, and effect of 
split-products and foreign substances. 

Because of the acid product formed, the measurement of the 
influence of pH upon activity of lipolytic enzymes presents diffi- 
culties not found as a rule with other enzymes. Aside from 
methodical complications, it has been found that activating and 
inhibiting substances and the degree of purity of the enzyme itself 
modify the pH-activity function, sometimes to an unusual degree. 
A striking example is the shift of optimal pH for stomach lipase 
from pH = 5.5-6.3 to 7.1-7.9 (Willstatter, Haurowitz, and 
Memmen, 1924), and the interrelation between pH and inhibition 
by indicator dyes with liver esterase (Bamann and Schmeller, 
1931). Platt and Dawson (1925) observed a difference of 1.5 pH 
units for the maximum effect of hog pancreas enzyme, when using 
phosphate or borate as buffers. 

A study in this laboratory of mono- and polyvalent esters by 
enzyme preparations from various organs and species made it 
desirable to establish the pH-activity curves for a number of 
substrates. In order to obtain a continuous series of buffer 
mixtures, from pH 5 to 10, we used combinations of diammonium 
phosphate with monopotassium phosphate on one side, and diam- 
monium phosphate with ammonium hydroxide on the other side. 
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In this manner, a sudden change in the nature of the buffer ions 
as eg. from primary to secondary phosphate mixtures to an 
ammonia-ammonium chloride mixture was avoided. 

The substrates comprised simple aliphatic esters, mono- and 
diacetates of glycols, and triacetin. Mono- and diacetin could not 
be included in this study because of the overwhelming non-enzy- 
matic hydrolysis under the conditions of the experiment. The 
first observations were made on glycerol extracts of fresh patho- 
logical and normal human livers, the latter being obtained from 
autopsies of accident cases. The experiments were repeated with 


Fig. 1. Effect of buffers on human liver esterase 
liver and pancreas - - - - - . Substrate: 0.088 nN methyl butyrate. 0.4 cc. of 
glycerol extracts in 20 ce., except hog liver, where 0.3 cc. was used. Curve 
A, buffer with diammonium phosphate (30 minutes); Curve B, boric acid- 
borax buffer (30 minutes); Curve K, phosphate-borate mixture (30 min- 
utes); Curve L, hog liver, diammonium phosphate (15 minutes); Curve P, 
hog pancreas, diammonium phosphate (60 minutes). 


; pH curve of hog 


normal hog liver and pancreas. Subsequently, we included prepa- 
rations of increasing degree of purity obtained from acetone-dried 
human liver. 

The general type of pH-activity curve for liver esterase under 
our conditions, with the use of ammonium phosphate buffers, shows 
two maxima, one between pH = 6.7 to 7.3, and another one be- 
tween 7.6 to 8.2 as can be seen from the curves. The height of 
these two peaks is of the same order of magnitude, and the sharp 
minimum between them drops sometimes to values as low as one- 
half of the maximum of the curve. The same type of curve was 
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obtained for the action of pancreas on methyl butyrate. This 
peculiar behavior is common to all substrates investigated with 
the exception of the triglyceride. Fig. 1 shows, in the case of 
methyl butyrate, that the more acid maximum vanishes with 
borate or phosphate buffers, while the minimum disappears with 
Kolthoff’s borate-phosphate mixtures, leaving a broad maximum 
extending over 2 pH units. 

Purification of an acetone-ether-dried normal human liver was 
carried out according to Willstitter and Memmen (1924) and 
Kraut and Rubenbauer (1928). The more acid maximum of the 
pH-activity curve disappeared at a definite stage where the 
stability of the enzyme had been greatly diminished. Thus, the 
peculiar shape of the curve depends on the nature of the buffer as 
well as on the presence of certain concomitant substances. This 
irregularity is common to the lipolytic enzymes of various organs 
and species. It does not apply to triglycerides. 

The character of the pH-activity curve for glycerol extracts of 
diseased livers was identical with normals, but the absolute 
quantity of enzyme was considerably lowered. The significance 
of these findings will be discussed in another publication (Sobotka, 
Glick, Reiner, and Tuchman, 1933). 


EXPERIMENTAL 


Enzyme—3 parts by weight of glycerol were used to extract 1 
part of chopped fresh organ. The extract was separated, after 
standing at least a week at room temperature, by filtration 
through cheese-cloth. 

The acetone-dried organ was extracted for 3 hours at 37° with 
30 times its weight of 0.025 n ammonia (Fig. 2, Curve 1), and inert 
material removed by precipitation of the dialyzed solution with 
0.04 its volume of 12 per cent ammonium acetate solution (Curve 
2). A preparation, obtained by fore-adsorption and adsorption 
with kaolin and alumina B according to Kraut and Rubenbauer, 
did not show the double maximum (Curve 3). A supernatant 
liquid from the alumina adsorption, poor in enzyme, followed the 
pH curve of the starting material (Curve §). 

Substrates—Since inhibition by excess substrate is quite pro- 
nounced with liver esterase (Bamann and Schmeller, 1929; Murray, 
1929; Haldane, 1930) the optimal substrate concentrations were 
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determined in preliminary experiments for the following substrates: 
methyl butyrate, ethyl acetate, propyl acetate, the mono- and 
diacetate of ethylene glycol and the diacetates of trimethylene 
glycol and of propylene glycol, and triacetin. These amounts 
were within the limits of solubility, and were used for the experi- 
ments below. 

Buffers—In a total reaction volume of 25 ec. the following 
quantities of buffer were used. 10 cc. of (NH,)sHPO, plus 
KH,PO,, and (NH,)2H PO, plus NHsg, all M/3; 5 ec. of M/8 NasB,O; 
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le 
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ie 


5 6 7 PH 8 q 40 


a. NaOH 


lig. 2. Influence of purification of human liver esterase on pH-activity 
curve. Substrate: 0.088 N methyl butyrate, diammonium phosphate 
buffer. For amounts of enzyme solutions consult Table II. Curve 1, 
ammonia extract of acetone-dried liver (30 minutes); Curve 2, filtrate from 
ammonium acetate precipitation (30 minutes); Curve 3, final alumina eluate 
(60 minutes) ; Curve S, supernatant liquid from the first alumina adsorption 
(60 minutes). 


plus m/2 H;BOs, and 5 ec. of M/8 NasB,O; with amounts of 0.2 
N NaOH increasing to 5 ec. (Fig. 1, Curve B) and Kolthoff’s buffer 
mixtures consisting of 10 cc. of n/3 KH2PO, plus 5 ee. of m/8 
Na2B,O; with amounts of n NaOH up to 5 ce. (Fig. 1, Curve K). 
These buffer mixtures plus the proper amount of enzyme solution 
were made up to 25 cc. 10 cc. of the mixture were incubated 
with the desired amount of ester at 30°. Another 10 cc. served 
for a blank determination ((a), Table I); the remainder for a 
potentiometric estimation of the pH with a hydrogen electrode 
(c). Another pH determination was made on a set of blanks to 
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which an amount of acid (butyric or acetic acid) was added identi- 
cal with that liberated during the run, the total volume being 
kept constant ((d) methyl butyrate as example). The pH plotted 
in the graphs is the arithmetic mean of the original and the final 
pH value. After incubation fora given time of 30 to 150 minutes 
and addition of 25 ce. of 95 per cent alcohol, the samples were 
titrated with 0.2 n sodium hydroxide and 10 drops of 1 per cent 
alcoholic thymolphthalein. The presence of ammonium salts 
in alcoholic solution accounts for the paradoxical increase of the 


Tac e II 
Activity of Various Preparations on Methyl Butyrate in 0.088 x Solution 
3 2 3 
3 
Enzyme solution z 3 32 a5 i Curve 
3 | 85 ge 
a 
ce mg min ec 
Glycerol extract of human 
SEE ere eee 0.4) (25) | 30 | 2.40) 4.3 | 1.72) A, Fig. 1 
Ammonia extract of ace- 
tone-dried liver......... 3.2) (80) | 30 | 2.45) 4.45, 0.55) 1, “ 2 
Enzyme purified with am- 
monium acetate......... 4.8 30 | 1.60) 2.9 
Final preparation......... 4.0; 3.4) 60 | 2.05) 3, “ 2 
Supernatant liquid....... 12.0) 9.5) 60 | 0.70) 0.63| 0.66) S, “ 2 
Hog liver, glycerol extract.) 0.3) (20) | 15 | 2.25 8.11 4.05) L, “ 1 
“pancreas, glycerol....| 0.4 (28) | 60 | 1.50) 1.36049 P, “ 1 


Figures in parentheses indicate corresponding amount of dry organ. 


blank titers from acid pH up to pure (NH,).HPO, (Willstitter 
and Waldschmidt-Leitz, 1921). 

Parallel experiments were carried out without enzyme in order to 
find the extent of non-enzymatic saponification. These values 
((e) and (f), Table I) were used for the correction of the enzymatic 
curves, and these corrected curves are indicated by solid lines. 
As in the enzymatic run, the pH plotted represents the mean of 
the original (g) and the final value ((h), exemplified by triacetin). 
Non-enzymatic hydrolysis was negligible with methyl butyrate 
and propyl acetate. 
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Fic. 3. pH-activity curve for human liver esterase on CH;CH,OAc 
(Curves E), 0.326 n, 120 minutes; CH;CH,CH,OAc (Curve P), 0.259 n, 60 
minutes; and CH,OHCH.OAc (Curves M), 0.787 n, 120 minutes. Index 
number , designates enzymatic curve, : non-enzymatic curve, and ; cor- 
rected enzymatic curve. Glycerol extract equivalent to 50 mg. of dried 
human liver in 20 cc, 


at } 


Fig. 4. Comparison of pH curve for ethylene glycol diacetate (Curves 
D), 0.772 m, 40 minutes and for triacetin (Curves T), 0.319 m, 120 minutes. 
For index numbers and amount of enzyme see Fig. 3. 
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Tables II and III summarize the conditions of the experiments 
illustrated by Figs. 1 to 5. The flattening of the two maxima of 


/ 
= 
= 
/ 


Fig. 5. Enzymatic and non-enzymatic hydrolysis of the diacetates of 
trimethylene glycol (Curves TM), 0.200 m, 150 minutes and of propylene 
glycol (Curves PG), 0.207 m, 120 minutes. For index numbers and amount 
of enzyme see Fig. 3. 


TaBLe III 


Effect of Glycerol Extract Equivalent to 50 Mg. of Dried Human Liver on 
Various Substrates in 20 Cc. of Reaction Mizture 


|3 
Substrate z i Curve 
Ss 
ge 2 i 
gm min cc. 
0.270)0. 326 120*| 3.25) 1.48) E, Fig. 3 
90 | 2.15) 1.30) Not plotted 
... 0.264/0.259| 60 | 0.85) 0.77| P, Fig. 3 
Ethylene glycol monoacetate. . ./0.820/0.787| 120 | 2.40) 1.09} M, “ 3 
 diacetate...... 1.1280.772| 40 | 2.37) 3.22;D, “ 4 
Propylene 0.333/0.207| 120 | 1.35) 0.61) PG, Fig. 5 
Trimethylene glycol diacetate . .\0.321/0.200} 150 | 2.60, 0.95)TM, “ 5 
.6960.319) 120 | 1.84) 0.84) T, Fig. 4 


* Double amount of enzyme used. 


ethyl acetate on Fig. 3 is due to the relatively high amount of 
enzyme and the long reaction time; when both were reduced, the 
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minimum was as pronounced as with other simple esters. The 
lability of the mono- and diester of ethylene glycol to alkaline 
hydrolysis is paralleled by the behavior of mono- and diacetin. 
Figs. 4 and 5 demonstrate the fundamental difference between the 
pH-activity curves for diacetyl glycols and triacetyl glycerol. 

Table II also gives the computation of the amounts of esterase 
units contained in 20 cc. of reaction mixture. 1 esterase unit was 
defined by Willstatter and Memmen (1924) as that amount of 
enzyme which hydrolyzes 0.2 gm. of methyl butyrate in 20 cc. of 
a buffer solution to an extent of 25 per cent in 60 minutes at 30°.! 
Esterase value of a preparation is the number of esterase units 
contained in 10 mg. of total solids. 

We also compared the relative speeds of hydrolysis of the other 
substrates (Table III), introducing as comparative units that 
amount of enzyme necessary to liberate 2.20 cc. of 0.2 N acid in 20 
ec. of reaction mixture in 60 minutes at 30° at optimal pH. This 
is the amount of acid liberated by 1 methyl butyrate esterase unit 
under the standard conditions. 


SUMMARY 


The activity of human liver esterase in glycerol extracts of the 
fresh organ, and in preparations from acetone-dried liver, on 
triacetin, glycol esters, and simple esters was measured between 
pH 5and 10. Activity-pH relationships of hog liver and pancreas 
esterase were also investigated. 

With the exception of triacetin, all the substrates showed a dip 
in the activity-pH curve around pH 7.5 with buffer mixtures con- 
taining diammonium phosphate. This peculiarity in the curve 
disappeared when other buffers or purified enzyme preparations 
wereemployed. The optimal pH lies between 6.7 and 8.2, depend- 
ing on the nature of the buffer, the substrate, and the enzyme 
preparation. The relative speed of hydrolysis of the esters used 
was compared on the basis of the standard (methyl butyrate) 
esterase unit. 
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CORRECTION 


On page 522, Vol. 104, No. 3, March, 1934, the sentence beginning on line 
5 of the last paragraph of foot-note 3 should read, “After cooling, it was 
neutralized with 2 n sodium hydroxide with phenolphthalein as an indicator 
and made up to an appropriate volume and the glucose determined by the 
Shaffer-Hartmann procedure, 
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THE CONSTITUENTS OF BE-STILL NUTS, THEVETIA 
NERIIFOLIA* 


By K. K. CHEN anp A. LING CHEN 
(From the Lilly Research Laboratories, Indianapolis) 


(Received for publication, December 1, 1933) 


The plant Thevetia neriifolia, Jussieu, family Apocynacez, is a 
tree 10 to 20 feet high, originally grown in South America but now 
cultivated in India, the West and East Indies, and the Hawaiian 
Islands. It bears brownish black nuts, the kernels of which are 
known to be poisonous. Excellent historical accounts concerning 
this plant have been «--n by Blas (2) and Weitz and Boulay (3). 
Its colloquial name \a.ies widely according to the locality. Thus 
it is called be-still tree in the Hawaiian Islands, ahouai in the 
Antilles, joro-joro in Dutch Guiana, exile oleander or yellow 
oleander in the Malay Archipelago and India, and kokilphul or 
China karab in Bengal. 

DeVry (4) as early as 1863 extracted from the kernels 57 per 
cent of their weight of a fatty oil and isolated from the marc a 
water-soluble glycoside to which he gave the name thevetin. 
His work was continued by Blas (2) who assigned to thevetin 
the formula C,sH:s0s, and further stated that upon hydrolysis 
thevetin gave rise to theveresin, CisH70;; (a genin?). Both 
thevetin and theveresin were found to possess a digitalis-like 
action by Husemann and K@nig (5). 

The nuts of the same plant have been investigated by other 
workers, and there has been a considerable discrepancy of results 
concerning thevetin. De and Choudhuri, quoted by Chopra and 
Mukerjee (6), gave the formula C7,HixO3. Ayyar (7) reported 
the physical constants and analytical data on his thevetin which 


* Read in part at the meeting of the Federation of American Societies 
for Experimental Biology at Cincinnati, April 10, 1933 (1). 
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he crystallized; he failed to confirm Blas’ formula, but did not 
propose a new one. The principle obtained by Weitz and Boulay 
(3) was an amorphous powder. Recently, Ghatak (8) described 
a method of separating thevetin and thevetoxin from the seeds of 
Thevetia neriifolia. His thevetin has the formula C2oH300¢, and 
his thevetoxin is said to be a cardiac poison. 

Warden (9) in 1881 studied thevetin blue which is a substance 
formed by the reaction of hydrochloric acid upon a naturally 
occurring product termed pseudoindican. He believed that the 
latter was probably a glycoside. Ghatak (8) attempted to crystal- 
lize the same, but without success. 

Arnold of Honolulu (10), who in 1931 reported a case of poison- 
ing by be-still nuts, called our attention to the toxic properties 
of these nuts. A thorough study of them seemed desirable, and 
he kindly arranged to have a shipment made to us for investigation. 
Studies carried out in our laboratory revealed that the defatted 
powder contains in addition to thevetin two subsidiary glycosides 
and that all three can be isolated in crystalline form. For the 
new glycosides we propose the names kokilphin' and ahouain, 
and the empirical formulas and respectively. 
Our analytical results with thevetin differ from those of De and 
Choudhuri (6) and Ayyar (7), and are closer to those of Blas (2). 
However, the optical rotation and melting points are at variance, 
and the molecular weight of our product is larger than that pro- 
posed by Blas, so that the empirical formula becomes C.9H40j; -- 
2H,0 instead of CisH2s0s. The positive outcome of Tollens’ 
reaction and that with sodium nitroprusside at once places thevetin 
in the large group of cardiac glycosides which are A®7-y-lactones 
and which have been adequately reviewed by Jacobs (12). An 
attempt to prepare a crystalline genin from thevetin by acid 
hydrolysis has not yet met with success. Nor has the carbo- 
hydrate portion of the glycoside been definitely identified. 

In a previous report (13), a set of analytical data and the 


1 This compound has been called neriifolin by us since February, 1933 
(1). However, in May of the same year appeared an article by Ghatak and 
Pendse (11) in which they used the identical word to designate an amor- 
phous substance separated from the roots of Thevetia neriifolia. In order 
to avoid confusion, we have abandoned the term neriifolin and adopted a 
new one kokilphin after the Indian name kokilphul. 
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molecular weight of a sample of thevetin obtained from isopropyl 
aleohol-ether mixture were presented. They conformed to the 
empirical formula Co,H4oO2. However, with an improved method 
of crystallization from dilute isopropyl alcohol, as described below, 
a purer product was obtained. Not only is the potency of thevetin 
raised (14), but also its empirical formula C2,H40;;-2H,O suggests 
the possibility of a genin belonging to the C.; class if its sugar 
component proves to have 6 carbon atoms. 

The fatty oil obtained from the nut kernels deposited upon 
standing crops of crystals which were purified by repeated crystal- 
lization from pyridine-aleohol mixtures. Since the substance 
resembles a sterol and reduces Fehling’s solution upon hydrolysis, 
it is most likely a phytosterolin. Elementary analyses yielded 
data that agree with the formula C.;H,O-CsHyOs. 

Pharmacologically, thevetin has a digitalis-like action, while 
ahouain raises the blood sugar slightly. 


EXPERIMENTAL 


The yield of kernels obtained by cracking 2.005 kilos of be-still 
nuts was 314 gm. (15.66 per cent by weight). The kernels were 
crushed in a mortar and macerated with ether for 48 hours. 
After being filtered, the coarse particles were ground to a fine 
powder which was subjected to continuous percolation in a 
Soxhlet extractor until completely exhausted. The combined 
ether filtrate and percolate on evaporation left behind a light 
yellow oil. In order to determine accurately the amount of oil 
contained in the kernels, three separate samples of unmacerated 
material were extracted by continuous percolation. The residues 
from the percolates after removal of the ether constituted 61.8, 
62.4, and 62.5 per cent (average 62.2 per cent) of the original 
kernels. Since the oil has been well examined by DeVry (4) and 
Bhattacharya and Ayyar (15), no examination was made of it in 
the present investigation. 

When the fatty oil was allowed to stand at room temperature, 
a crop of crystals or a sediment appeared at the bottom and sides 
of the flask. Upon filtering and washing with ether and alcohol, 
a white powder was obtained. The latter was purified by re- 
peated crystallization from a mixture of pyridine and alcohol. 
The crystals are large opaque spheroids and melt at 291-292.5° 
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(corrected) with charring. The substance gives a positive reac- 
tion with either the Liebermann-Burchard or Salkowski test, and 
upon hydrolysis in HCl-aleohol mixture in a sealed tube on a 
water bath, the filtrate when neutralized readily reduces Fehling’s 
solution. There is little doubt that we are dealing with a phyto- 
sterolin. Elementary analyses suggest the empirical formula 
C27HyO-CeHnO; (calculated C 72.20, H 10.29; found C 72.15, 
72.15, H 10.26, 10.41*). 

The defatted mare, which was very irritating to the nose and 
caused sneezing, was repeatedly extracted with methyl alcohol, 
and the extract was evaporated to dryness under a vacuum. 
The residue was redissolved in warm absolute ethyl alcohol, and 
upon standing overnight at room temperature, a sediment was 
formed. The supernatant fluid, which contained chiefly thevetin, 
was decanted off and subjected to fractional precipitation with 
ether. The precipitates were washed with ether, dried in a 
vacuum, powdered in a mortar, and dissolved one by one in the 
smallest amounts of warm 85 per cent isopropyl alcohol. Upon 
standing at room temperature, thevetin appeared as a fine white 
powder and could be separated by filtration under suction. It 
was found that the last few fractions gave rise to thevetin more 
quickly than the first or second fraction. The combined crude 
thevetin was finally purified by repeated crystallization from 
75 to 80 per cent isopropyl aleohol—twice being usually sufficient. 

The sediment from the original alcoholic solution was again 
treated with warm absolute ethyl alcohol. At this stage there 
was a portion that would not go into the solution. Upon decanta- 
tion, the residue was dissolved in methy] alcohol and subjected to 
fractional precipitation with chloroform. The last fractions were 
composed chiefly of ahouain which was finally crystallized from 
absolute methyl alcohol in a desiccator saturated with ether 
vapor. 

The supernatant fluid separated from the residue which yielded 
ahouain was concentrated by vacuum distillation, and to it benzene 
was gradually added until no further precipitate was formed. 
Upon standing for some time, crystals of kokilphin were deposited 
at the bottom. They were further purified by recrystallization 
from absolute or 95 per cent ethyl alcohol. 


2 All our analyses were made microchemically by Dr. Ing. A. Schoeller, 
Berlin-Schmargendorf, Germany. 
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Ahouain crystallizes in spheroids, as shown in Fig. 1,3 from 
methyl alcohol in ether vapor and is easily soluble in water, less 
soluble in methyl alcohol, and only very slightly soluble in ether, 
benzene, acetone, and ethyl acetate. Its melting point is rather 
indefinite—it begins to soften at 94~-95°, rises and foams at 112°, 
and completely liquefies, with decomposition, in the neighborhood 
of 185°. With concentrated hydrochloric acid, it produces a 
purple to dark blue color; with concentrated nitric acid a light 
yellow to orange, reddish purple, dirty red, and finally yellow 
color; and with concentrated sulfuric acid a light green to orange, 
purple, dirty red, and reddish brown color. It reduces Tollens’ 
reagent‘ and gives a positive Keller-Killiani test. When it is hy- 
drolyzed by boiling with dilute acids, the resulting solution re- 
duces both Fehling’s and Benedict’s reagents. In all probability, 
ahouain is the hypothetic compound termed pseudoindican by 
Warden (9), which forms thevetin blue with hydrochloric acid. 

In determining the molecular weight of ahouain we were 
confronted with difficulties. The Rast camphor method (16) 
is not applicable because the glycoside is decomposed in molten 
camphor. Nor does the boiling point method in methyl alcohol 
yield any reliable information because the solubility is not great 
enough. It was only by the Barger method (17) that Dr. J. B. 
Whitman of New York University, to whom we are greatly in- 
debted, obtained a set of relatively consistent values, azobenzene 
being used as a standard and methyl alcohol as the solvent. On 
the basis of these determinations, together with the results of 
combustion analyses, we propose the empirical formula CjoH)9O;0 
for ahouain (calculated C 40.12, H 6.40, mol. wt. 299; found 
C 40.04, 40.06, H 6.43, 6.44, mol. wt. 317, 263, 292, 333). 

Ahouain has no action on the frog heart in a dosage of 0.5 mg. 
per gm. given subcutaneously. In rabbits the blood sugar is 
increased from 18 to 24 mg. per 100 cc. of blood following the 
intravenous injection of 2 mg. per kilo. 

Kokilphin crystallizes from absolute ethyl alcohol in angular 
prisms (Fig. 1) which melt sharply at 188.5-189° (corrected). 


3 We are indebted to Mr. C. R. Eckler for the photomicrographs of our 


crystals. 
4 Thanks are due Dr. Walter A. Jacobs of the Rockefeller Institute for 


detailed instructions for carrying out the Tollens’ test. 
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It is soluble in water and methyl alcohol, less in ethyl alcohol, 
and almost insoluble in ether, benzene, or acetone. It does not 
show color displays with concentrated mineral acids. When it is 
boiled with Fehling’s or Benedict’s solution no apparent reaction 
takes place, but if a solution of kokilphin is previously hydrolyzed 
by an acid and then treated with the sugar reagents, reduction 
occurs. 

Molecular weight determinations according to the Rast method 
(16) and elementary analyses indicate that kokilphin has the 
empirical formula Cs;H¢,Os0 (calculated C 42.25, H 6.56, mol. wt. 
937; found C 42.04, 42.21, H 6.51, 6.53, mol. wt. 935, 953). 


Fig. 1. Photomicrographs of crystals. A, ahouain from alcohol-ether 
mixture, about 190X; B, kokilphin from absolute alcohol, about 25x; 
C, thevetin from 90 per cent isopropyl alcohol, about 29x. 


In frogs kokilphin causes no change in cardiac activity when a 
dose of 4 mg. per gm. is injected subcutaneously. A slight hyper- 
glycemia is produced in rabbits by a dose of 2 mg. per kilo. The 
increase in blood sugar in two experiments did not exceed 11 to 
14 mg. per 100 cc. of blood. 

Thevetin crystallizes in clusters from 90 per cent isopropyl 
alcohol (Fig. 1) and in fine needles from 75 to 80 per cent isopropyl 
alcohol. It is soluble in pyridine, methyl, ethyl, and propyl 
alcohols, less in water, and practically insoluble in ether, acetone, 
chloroform, and benzene. Thevetin melts at 193° (corrected). 
A 2 per cent solution in methyl alcohol gave a polarimetric read- 
ing of —2.5° in a 2 dm. tube with sodium light. The specific 
rotation of the compound is thus [a]?® = —62.5°. With concen- 
trated sulfuric acid, thevetin produces a yellow color turning to 
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purple; with concentrated hydrochloric acid, a light yellow color 
changing to bluish green; and with concentrated nitric acid, a 
light yellow color. It gives a positive test with sodium nitro- 
prusside or Tollens’ reagent, but its reaction in the Keller-Killiani 
test is negative. Solutions of thevetin are bitter to taste. 

From determinations of the molecular weight by the Rast 
method (16) and analyses for carbon and hydrogen made by 
Schoeller, it appears to have the empirical formula Co9H40,3-2H,0. 
For analyses the substance was dried at 80° in a high vacuum 


over 


Air-Dry Substance 
4.868 mg.: 0.276 mg. loss of weight 
5.07: 0. 269 “ “ “ 
4.848 “ : 0.269 “ 

CoH O:;-2H,O. Calculated. H,O 5.64 

Found. “ §.67, 5.30, 5.45, 5.55 

Anhydrous Substance 
4.804 mg.: 10.155 mg. CO,, 3.270 mg. HO 


4.450 “ : 94400 “ “ 3.000 “ - 
0.300 mg. in 4.260 mg. camphor*: 4.7° A 


0.312 “ “ 4.630 “ 
Calculated. C 57.76, H 7.70 


Found. 57.68, 7.62 
“tae 
“* 57.86, “ 7.54 


Mol. wt.; calculated 602, found 600, 605, 599 
* Traces were left undissolved in camphor. 


The correctness of the empirical formula will depend upon the 
outcome of the study of the genin and the sugar. 

Hydrolysis of thevetin according to the method of Windaus 
and Hermanns (18) resulted in the deposit of a resinous material 
which is being subjected to further investigation. The super- 
natant fluid upon neutralization with silver carbonate reacts with 
a-naphthol and concentrated sulfuric acid to form a reddish 
purple ring. With orcinol-HC! solution (Bial’s reagent), it pro- 
duces a brown color with precipitation so that the sugar in question 
is not likely a simple pentose. The negative outcome of the 
Keller-Killiani test with the glycoside probably indicates the 
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absence of a desoxy sugar, such as digitoxose or cymarose, in the 
molecule of thevetin. 

In Table I it will be seen that our data on thevetin do not check 
with those of our predecessors. According to our experience, 
it is not possible to isolate thevetin in a pure form from a mixture 
of aleohol and ether alone, as employed by Blas (2) and Ayyar (7). 
Other suitable reagents must be used, as described above, in 
order to remove such impurities as ahouain and kokilphin. The 
mere agreement of the analytical data of Blas and ourselves seems 
hardly adequate proof of the identity of the two products ex- 
amined, since other constants and molecular weight are widely 
different. The thevetin of De and Choudhuri (6) could not 
be in pure form because it lost its physiological activity on recrys- 
tallization. Ayyar’s analytical data and physical constants 
on thevetin (7) also differ from ours. Chopra and Mukerjee (6) 
obtained their thevetin in hexagonal plates; in the absence of any 
analytical data and proper biological standards on their product, 
it is difficult to compare their work with that of others. We re- 
peated Ghatak’s work (8), using one-half of the quantity of nuts 
employed by him, but failed completely to obtain the compounds 
he claimed to have isolated. By hydrolysis, Ghatak (8) showed 
that the sugar component of thevetin was glucose. Assuming 
for a moment, therefore, the correctness of his empirical formula, 
C20H300¢, the genin of thevetin would have to be a hydrocarbon, 
and this is not likely. 

The pharmacological effects of thevetin upon the amphibian 
and mammalian heart are like those of digitalis. By assays in 
frogs and cats, it was shown to be approximately one-eighth to 
one-seventh as toxic but also only one-eighth to one-seventh as 
active as ouabain (g-strophanthin). A detailed report concerning 
its action will appear elsewhere (14). 


SUMMARY 


From the kernels of nuts borne by the be-still tree, or T'hevetia 
neritfolia, a fatty oil has been extracted, and four crystalline 
substances have been isolated—a phytosterolin, Cy;HyO-CsH,,0;; 
ahouain, kokilphin, and thevetin, CosHy,;-- 
2H,O. The last has a digitalis-like action being about one-eighth 
to one-seventh as toxic or potent as ouabain (g-strophanthin), 
weight for weight. 
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THE STABILITY OF CYSTINE IN ACID SOLUTION* 


By KAMENOSUKE SHINOHARAt anp MARTIN KILPATRICK 


(From the John Harrison Laboratory of the University of Pennsylvania, 
Philadelphia) 


(Received for publication, December 22, 1933) 


It has been established by one of the authors (1) that cystine in 
acid solutions is oxidized by iodine as well as other oxidants, mostly 
to cysteic acid. As shown in a preliminary report (2) the oxida- 
tion is sufficiently slow to be suitable for kinetic study. Since 
then an extensive study of the kinetics has been made, the results 
of which will be reported elsewhere. During this study it was 
found that cystine in acid solution gradually changes on standing, 
so that the initial consumption of iodine increases. With the 
purpose of ascertaining the primary cause of this peculiarity, a 
series of investigations was undertaken, in which it was found 
that cystine undergoes hydrolysis on standing to produce cysteine. 
The study is so far semiquantitative, and yet this property of 
cystine, and disulfides in general, is so important for the under- 
standing of its chemical nature and biological significance that a 
report will be made here. 


EXPERIMENTAL 


In the study of the reaction between cystine and iodine, por- 
tions of a stock solution of l-cystine in hydrochloric acid, preserved 
in a glass-stoppered flask at the temperature of the laboratory, 
were removed from time to time. The portion removed was added 
to the reaction mixture containing the iodine, and the amount of 


* The paper is the second part of the thesis presented in April, 1933, by 
Kamenosuke Shinohara to the Faculty of the Graduate School of the Uni- 
versity of Pennsylvania, in partial fulfilment of the requirement for the 
degree of Doctor of Philosophy. 

t Robert McNeil Fellow at the Research Institute of the Lankenau 
Hospital, Philadelphia. The experimental work was carried out at the 
Institute. 


241 


| 
XUM 


242 Stability of Cystine in Acid Solution 


iodine consumed was determined at suitable intervals by titra- 
tion with sodium thiosulfate solution. It soon became evident 
that the older the stock solution of cystine, other things being 
equal, the greater was the initial consumption of iodine. The 
large initial consumption of iodine indicates the formation, on 
standing, of some reducing substance which reacts rapidly with 
iodine. To determine whether the reducing substance results 
from the partial oxidation of cystine by the air enclosed in the 
flask, the following experiments were carried out. 


Effect on Iodine Consumption of Aging of Cystine Solutions in 
Nitrogen Atmosphere 


A 0.005 m I-cystine' solution in 0.025 m hydrochloric acid was 
kept in a flask through which nitrogen, purified from oxygen with 
alkaline pyrogallol solution, was bubbled at a rate of roughly 100 
ec. per hour. The bubbling was stopped during the night, but 
the pressure inside the apparatus was kept higher than that of the 
atmosphere, thus preventing possible entrance of air. The nitro- 
gen, after passing through the cystine solution, was introduced 
into lead acetate solution. The whole apparatus was exposed to 
the indirect light of the laboratory, and the room temperature was 
25° + 3°. Portions of the solution were pipetted out when needed 
through a glass tube which was otherwise kept tightly covered. 
The technique used for determining the rate of iodine consumption 
was as follows: 

The desired volume of the /-cystine solution was added to the 
reaction mixture, which contained iodine, potassium iodide, and 
sodium acetate and acetic acid, and which was at 25° + 0.01°. 
The reaction mixture was then made up to a definite volume by 
adding water, and the flask was shaken for 1 minute. Portions 
of the mixture were taken out at suitable intervals and run into 
sufficient standard sodium thiosulfate solution to react with the 
greater part of the iodine. The remaining iodine was then titrated 
with thiosulfate. A blank experiment in which dl-alanine was 
used in place of /-cystine was run parallel to the main experiment. 
The consumption of iodine by cystine was calculated from the 


' A 1 per cent solution of this cystine in N hydrochloric acid gave an opti- 
cal rotation —248.5°; its iron content was 0.004 per cent. 
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difference between the values obtained by the titration of the blank 
and test solutions, thus minimizing errors caused by loss of iodine 
by evaporation and reduction due to impurities in the acetic acid. 


TaBLe 
Effect on Iodine Consumption of Aging of Cystine Solutions in Nitrogen 
Atmosphere at 25 + 3° 


Composition of reaction Mixture A (m per |. X | Composition of reaction Mixture B (m per I. X 
10'): l-cystine 20.0,* HCl 192.6, iodine 25.0 + | 10): oO 10.0, HCl 192.6, iodine 25.0 + 
0.1, KI 120.5, acetic acid 4000, sodium ace- 0.1, KI 120.5, acetic acid 4000, sodium ace- 

tate 4000, temperature 25.0° +0.01° tate 4000, temperature 25.0° + 0.01° 
I; consumed per 1. (Mm X in (m_ X 104) in 

Time solution Time solution aged 

7 30 | 2 44 52 66 30 | 24 43 51 65 

min. | days | days | days | days min. | days | days | days | days 

min min 

2 | 0.50) 0.78; 1.66) 1.69) 2.14 2 0.83 | 0.67 | 0.92 
15 1.84) 2.89) 2.89) 3.33) 3 0.69 

30 | 2.09) 2.64) 3.78 4.34, 5 | 0.64 

45 3.41) 4.53 5.13) 15 1.51 | 1.54 | 1.64 
60 | 3.51) 4.15) 5.19) 5.38) 5.92) 17 1.33 

90 | 4.82) 5.46) 6.71) 6.81) 7.34) 30 | 1.41) 1.73) 1.94 | 2.00 | 2.17 
120 | 6.10) 6.69) 7.96) 8.10) 8.62) 45 2.49 | 2.64 
150 | 7.21) 7.89} 9.09) 9.25) 9.85) 60 | 2.13) 2.44) 2.73 | 2.69 | 3.06 
180 | 8.23) 8.90) 10.14; 10.30) 10.89) 90 | 2.86) 3.22) 3.54 | 3.70 | 3.92 

210 | 9.22) 9.83) 11.03) 11.23) 11.71) 120 | 3.46; 3.83) 4.28 | 4.43 | 4.65 
240 |10.14/10.69) 11.78) 12.06) 12.56) 150 | 4.13) 4.53) 4.97 | 5.15 | 5.34 
300 |11.70/12.14) 13.33) 13.58) 14.14) 180 | 4.73) 5.16) 5.58 | 5.78 | 6.00 
360 |13.07|13.54| 14.63) 14.85) 15.32) 210 | 5.27) 5.70) 6.22 | 6.37 | 6.59 

240 | 5.89) 6.31) 6.81 | 6.91 | 7.22 
300 | 6.94) 7.25) 7.82 | 8.02 | 8.28 
360 | 7.76) 8.26] 8.81 | 8.91 | 9.23 


* The concentration of cystine somewhat exceeds its solubility, and a 
small amount of cystine crystals separated out about 4 hours after the reac- 
tion mixture was prepared. However, this does not influence the initial 
consumption of iodine. 


Table I indicates that the longer the cystine solution has stood, 
the greater is the iodine consumption at the initial stage. In the 
later stage of the reaction, the rates are practically the same. The 
effect observed with the cystine solutions preserved in an atmos- 
phere of nitrogen is of the same order of magnitude as the effect 
observed in the case of the cystine solutions kept in flasks contain- 


ing air. 
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The lead acetate solution showed neither precipitate nor darken- 
ing, which proves that hydrogen sulfide was not produced in an 
appreciable amount. 

In order to learn whether the change takes place in the dark, an 
experiment was carried out with 0.01 m /-cystine in 0.2 m hydro- 
chloric acid, with the experimental conditions the same as those 
described except that the flask containing the /-cystine was covered 
with tin-foil. At intervals, portions of thé solution were removed 
and titrated directly with 25 X 10~ N iodine solution until the 
starch-iodine color lasted for about 30 seconds. During the first 
7 days no change was observed. From the 7th to the 80th day 
(at which time the experiment was discontinued) the increase in 
amount of iodine solution required was found proportional to the 
time elapsed. 


Effect of Iron and Copper on Aging of l-Cystine Solutions in Nitrogen 
Atmosphere 

Since it was suspected that the presence of metals like iron and 
copper might have some effect upon the aging, experiments were 
carried out with /-cystine solutions 1 X 10-‘ m in copper sulfate 
and ferric chloride respectively. The solutions were preserved in 
a nitrogen atmosphere, and upon examination of the metal-con- 
taining and corresponding metal-free solutions at the end of 137 
days, no effect of iron or copper upon the aging was detected. The 
l-cystine used in the previous experiments was not entirely free 
from iron, as mentioned before. 


Change of I-, i-Cystine, and Cysteine in Acid Solution in Nitrogen 
Atmosphere at 80° 

As already pointed out, the change of cystine in acid solution at 
room temperature is too slow to be studied conveniently and to 
allow identification of the reducing substance formed. In order 
to accelerate the change, therefore, experiments were carried out 
at 80° with /- and i-cystine. The i-cystine was prepared by heat- 
ing /-cystine in 15 N sulfuric acid. The preparation was optically 
inactive and dissolved in dilute hydrochloric acid, giving no more 
than a very slight opalescence. The solution was used after filter- 
ing off the insoluble matter. 
Three solutions were prepared: one 0.01  /-cystine in 0.2 m hy- 
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drochloriec acid, one 0.01 m i-cystine in 0.2 m hydrochloric acid, 
and one 0.02 m cysteine in 0.2 m hydrochloric acid. A portion of 
solution was placed in the inner chamber of a double-walled flask 
of about 250 cc. capacity, the outer chamber being connected with 
a small flask containing boiling benzene, and also with a condenser. 
Thus the inner flask was constantly surrounded by the vapor of 
boiling benzene and the temperature of the solution was found to 
be 79.5° + 0.2°. The flask was covered with tin-foil. Nitrogen 
purified as in the previous experiment was passed through the 
solution at a rate of 200 cc. per hour, and introduced into cadmium 
sulfate (or barium chloride-bromine mixture) and barium hydrox- 
ide solutions successively. At intervals the following tests were 


made. 

(a) Modified Nitroprusside Test*—2 cc. of 0.2 m zine acetate 
solution then 2 cc. of 1 M ammonium hydroxide solution were 
added to 5 cc. of test solution cooled to 25°. To the solution 0.5 
ec. of 5 per cent sodium nitroprusside solution was added and the 
final mixture was shaken. The color was compared with the 
colors of a series of standards. 

(b) Cobalt Complex Test*—2 cc. of 0.2 m cobaltous chloride solu- 


? It was found by the authors that the addition of zine salt in a sufficient 
amount, before sodium nitroprusside, stabilizes the red color which will be 
produced when a sulfhydryl compound is present, and moreover it prevents 
hydrogen sulfide from giving the color reaction. This is probably due to 
the formation of zinc sulfide. Acetone and pyruvic acid do not give color 
in this test. Various organic sulfhydryl compounds including cysteine and 
glutathione are also precipitated by zinc acetate and ammonia; neverthe- 
less, the precipitate gives the color reaction upon the addition of sodium 
nitroprusside solution, while the supernatant liquid gives not more than an 
almost invisible pink color. The color of the supernatant liquid is probably 
due to the slight solubility of the zine precipitate. The minimum concen- 
tration of cysteine which can be detected by this test is approximately 4 X 
10-5 m. 

The intensity of color of the precipitate produced in the test is roughly 
proportional to the concentration of cysteine. When the test solution is 
free from other sulfhydryl compounds, the concentration of cysteine can 
be roughly estimated by comparing the color of the precipitate with a series 
of colored precipitates produced from cysteine solutions of various concen- 
trations. 

3 Cobalt complexes of cystine have been studied by Michaelis and his 
collaborators (3-6), and by Kendall and Holst (7). Readers are referred to 
their papers. According to the authors’ investigation, cysteine can be 
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tion were added to the 5 ce. of the test solution cooled to 25° and 
the mixture was then made strongly alkaline by the addition of 4 
cc. of 0.5 N sodium hydroxide solution. After thorough shaking 1 
cc. of 3 per cent hydrogen peroxide solution was added, and the 
cobaltic hydroxide was removed by filtration or centrifuging. The 
brownish yellow color of the solution was stable for more than 12 
hours. The final color was composed with the color of standards 
prepared in the same way. 

(c) Iodine Titration—12.5 ce. of the test solution, cooled to 25°, 
were titrated with 0.01 N iodine solution. It was found possible 
to determine by titration with iodine the cysteine concentration 
(within +4 per cent) of solutions containing both cystine and 
cysteine in known amounts. From a chart constructed from the 
titration of known solutions, the cysteine concentrations listed in 
Table II were read off. 

(d) Determination of Optical Rotation—The solution was ex- 
amined in a 20 em. tube at 25° + 1°, a mercury lamp being used. 


qualitatively differentiated by this test from other similar compounds. 
Pyruvie acid, thioacetic acid, and thiourea do not give any color. Thio 
aleohols and thiophenols produce a reddish brown precipitate but no color 
in the solution. Thiocarboxylic acids, like thioglycolic acid, give a deep 
brown color to the solution; nevertheless the color can be differentiated 
from, that of cysteine before the addition of hydrogen peroxide. Moreover, 
the color produced by the thiol acid fades on standing overnight. Gluta- 
thione produces practically no color before the addition of hydrogen perox- 
ide, after which a brownish pink color is produced in the solution. Disul- 
fides including cystine give entirely colorless solutions. Histidine is the 
only one among many amino acids that gives a yellow-brown color to the 
solution. However, the color turns to pink on oxidation by air or hydrogen 
peroxide. Hydrogen sulfide produces a black precipitate but the solu- 
tion remains colorless. When any thiol compound is mixed with cystine, 
the characteristic color of the cysteine complex is produced. This is prob- 
ably due to the reduction of cystine to cysteine by the thiol compound as 
reported by Kendall and Holst with regard to cystine and glutathione mix- 
tures (7). Hydrogen sulfide mixed with cystine gives a brown which differs 
from that given by cysteine. As Mauthner (8) reported, the reduction of 
cystine by hydrogen sulfide is very slow, and it is questionable if the brown 
coloration is due to cysteine formation. The color intensity produced in 
this test is proportional to the cysteine concentration, provided the colbalt 
salt exists in slight excess. 

The cobalt complex test, therefore, can be used, both qualitatively and 
quantitatively, for the determination of cysteine without serious errors 
under such conditions as prevailed in the authors’ experiment. 


TaBLe II 


A. Change of i- and l-Cystine Solutions in Nitrogen Atmosphere at 79.5 + 0.2° 
Composition of the solution: 0.01 m 7- or /-cystine in 0.2 m HCl. 
concentrations are measured in moles per liter X 10° throughout. 


The 


Optical rotation (x — 1), ong Cysteine concentration by iodine titration 

Time 

e . . . . 

days 

0.0 1.31 1.31 1.31 0 0 0 0 
0.25 1.30 18 20 
1.0 1.23 1.18 1.21 50 105 85 98 
2 1.15 1.09 1.09 125 200 175 156 
3 1.11 0.99 0.99 195 270 240 225 
4 1.03 0.90 0.92 240 320 290 252 
5 0.93 0.85 0.89 270 320 260 285 
6 0.91 0.82 0.85 250 340 300 300 
7 0.87 0.85 240 320 380 

Cysteine concentration 
om Modified nitroprusside test Cobalt complex test H.S COz 

days 

0.0 0 0 0 0 0 0 

0.25 17 20 20 20 . 

1.0 40 100 120 50 100 + + 

2 120 200 240 160 200 200 ++ 

3 220 200 350 220 280 320 6 

4 320 320 420 280 320 400 17 

5 360 360 340 380 360 350 32 

6 320 400 480 320 440 480 45 

7 320 320 480 50 65 


B. Change of Cysteine Solution in Nitrogen Atmosphere at 79 + 0.2° 
Composition of the solution; 0.02 M cysteine in 0.2 m HCl. 


Optical rotation, 
Time etapsed CO» 
Hg 
days M perl. X 108 Mm perl. X 108 
0 
+ 


Amount of BaCQOs in- 
creases with time 
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(e) Determination of Hydrogen Sulfide 

(f) Determination of Carbon Dioxide 

Tests (e) and (f) on the issuing gas were carried out in the cus- 
tomary manner. 

Upon the 4th day a yellow precipitate appeared at the bottom of 
the flask containing the heated solution of /- or i-cystine, and there- 
after the amount increased with time. The yellow precipitate was 
found, upon testing its solubility in carbon disulfide and examina- 
tion under the microscope, to be sulfur. The heated solution of 
cysteine, on the other hand, remained clear throughout the 7 day 
period. None of the solutions gave a test for sulfate. 

Experiments in Alkaline Solution 

In order to supplement the experiments mentioned above, 
qualitative determinations of cysteine in alkaline solutions of cyst- 
ine were made. These solutions exhibited much greater rates of 
cysteine formation. For instance, after a few minutes of heating, 
a solution of J-cystine in 0.2 m sodium hydroxide gave distinct 
colors in both the modified nitroprusside and cobalt complex tests. 
At the end of 15 minutes of heating the colors were very intense. 
In a solution of /-cystine in ammonia the colors developed more 
slowly than in a solution in sodium hydroxide, but more rapidly 
than in a solution in hydrochloric acid. This relationship indi- 
cates that the rate of production of cysteine is dependent on the 
acidity of the solution. Thus the rate in a concentrated solution 
of hydrochloric acid (which has frequently been employed for the 
preparation of i-cystine from /-cystine (9, 10)) probably is very low. 

That the hydrolysis of the disulfide to form a thiol compound is 
not peculiar to cystine, but is characteristic of disulfides, was dem- 
onstrated by testing diethyldisulfide and dithiodiglycolic acid in 
sodium hydroxide solution. Both compounds gave intense red 
color in the modified nitroprusside test after their solutions had 
been heated for several minutes. They were found, however, to be 
considerably more stable in 0.2 n hydrochloric acid solution than 
is cystine. 

DISCUSSION 


It is beyond doubt that the substance which rapidly reduces 
iodine, gives red color to the zine precipitate in the modified nitro- 
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prusside test, and characteristic color in the cobalt complex test, is 
cysteine. The agreement in the values of cysteine concentration 
determined by the three methods is regarded as satisfactory. Sep- 
aration of the products was not tried, because it was thought that 
the chemical processes ordinarily used for the isolation of cysteine 
salts or derivatives would decompose cystine in a similar manner, 
probably more rapidly and so that isolation would not serve as 
proof. 

It has been the usual conception that the change in optical rota- 
tion is caused merely by racemization of /-cystine. The experi- 
ments presented here show that this is not the case. For the 
change in optical rotation is accompanied by the formation of 
cysteine, and if velocity constants are computed from the data in 
Table II, A for the change in optical rotation, and for the forma- 
tion of cysteine from [-cystine, it is seen that under the conditions 
of the experiment cysteine formation constitutes roughly 60 per 
cent of the total change. The possibility that /-cystine first race- 
mizes, and the resulting /-cystine in turn produces cysteine, is 
eliminated by the fact that the rates of cysteine production from 
both I- and i-cystine are approximately the same. There is, 
however, no doubt that part of the cysteine is produced from i-cyst- 
ine previously formed from /-cystine. 

A comparison of the amounts of hydrogen sulfide produced from 
cystine and cysteine in acid solution at 80° tends to favor the 
mechanism that the cystine first decomposes to cysteine which in 
turn gives hydrogen sulfide. In regard to the possibility that the 
hydrogen sulfide is the cause of the formation of cysteine (8), it 
should be pointed out that several workers (11-15) have carried 
out experiments using cystine with salts of heavy metals, and have 
found no indication of metallic sulfides before the production of 
mercaptides. 

The formation of cysteine might be explained by the following 
reactions: 


R—S—S—R + H,0 = intermediate compounds = R—SH + R—S—OH (1) 
(iike R—S—OH,—S—R) 


2R—S—OH = R—SH + R—S—O.H (2) 
R—S—OH + R—S—O.H = R—SH + R—S—O,H 


| 
| 
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Addition of the three equations gives Equation 4 which was pro- 
posed by Vickery and Leavenworth (11) to explain the formation of 
a heavy metal salt of cysteine and cysteic acid from cystine solu- 
tion containing the metal ions. 


3R—S—S—R + 3H,0 = 5R—SH + R—S—O;H (4) 


Kinetically, the reaction of Equation 4 would not take place as 
such, but would proceed step by step, as suggested by Equations 
1, 2, and 3. It is of interest to notice that the reaction takes place 
without metal ions, although slowly, to the large extent indicated in 
Table IT, A. 


The authors would like to express their gratitude to Mr. Robert 
MeNeil of the McNeil Chemical Company for the grant of a fel- 
lowship to Kamenosuke Shinohara. They also wish to acknowl- 
edge a gift of purified /-cystine from Merck and Company, Inc., 
and to thank Drs. Stanley P. Reimann, Frederick 8. Hammett, 
and Gerrit Toennies, of the Research Institute of the Lankenau 
Hospital, for their assistance. 


SUMMARY 


1, Cystine in hydrochloric acid solution is not stable and pro- 
duces a reducing substance, on standing, which can be detected by 
titration with iodine. ; 

2. In an atmosphere of nitrogen, the solution undergoes a similar 
change. At room temperature, the change becomes detectable 
after an induction period of about 7 days. The change takes place 
in the dark. 

3. Iron and copper ions apparently have no influence upon this 
change. 

4. At 80°, the change is more rapid, becoming distinct by the 
end of 6 hours. 

5. The reducing substance is mainly cysteine, the source of its 
production being the hydrolysis of cystine. 

6. An alkaline solution of cystine undergoes a similar change at 
a much faster rate. 

7. A modified nitroprusside test for the determination of or- 
ganic thiol compounds, and a cobalt complex test for the deter- 
mination of cysteine in the presence of cystine, have been described. 
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AN IMPROVED METHOD FOR THE DETERMINATION 
OF HEMOGLOBIN IN CHICKEN BLOOD* 


By M. 0. SCHULTZE anp C. A. ELVEHJEM 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, February 13, 1934) 


During the past few years considerable interest has been shown 
in the hemoglobin content of chicken blood, especially in the rela- 
tion of diet and egg production to changes in this blood constituent. 
The few hemoglobin values which have been reported for normal 
chickens of the same breed and age show differences rather large in 
extent. Holmes and coworkers (1) have discussed recently the 
variations in some of the values found in the literature. 

The discrepancies are undoubtedly due partly to the use of 
methods with different standards and to the difficulty in dealing 
with blood containing nucleated erythrocytes. It is obvious that 
the first error can be eliminated only when all workers use a 
standard method. The latter difficulty, however, prevents the 
application of the widely used acid hematin methods unless proper 
modifications can be worked out. 

The Dare hemoglobinometer was used in our laboratory for the 
early work with chickens (2). Although we were cognizant of the 
limitations of the original Dare instrument, we felt that it was 
accurate enough to detect the large differences between normal 
and anemic animals. When the Newcomer method was adopted 
for general use in our laboratory, we applied this method to chicken 
blood (3). The Newcomer method was never as satisfactory for 
chicken blood as for mammalian blood because the turbidity of the 
acid solution makes it difficult to compare the unknown solutions 
with the standard. Dukes and Schwarte (4) applied a correction 
factor for at least part of the turbidity encountered in the acid 
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hematin solutions. Wintrobe (5) also mentions the difficulty of 
using HCl with bloods containing nucleated cells. In this paper 
we wish to present a modification of the Newcomer method which 
will eliminate the difficulty of turbidity when applied to blood 
with nucleated erythrocytes. 

In preliminary trials the concentration of acid used was varied 
to determine whether there was any definite pH at which a mini- 
mum amount of turbidity was produced. It was soon found 
that a clear solution was obtained only when the diluted blood was 
alkaline. The method of Wu (6), e.g. dilution of the blood with 
acid and then conversion to alkaline hematin with sodium hy- 
droxide, was tried but the comparison of the alkaline hematin 
with a standard was not wholly successful. 

The carbon monoxide method of Palmer (7) was also tried. The 
blood was diluted with 0.4 per cent ammonia, which produced a 
clear solution, saturated with CO, and compared with a standard 
prepared in the same manner from rat blood. This method 
worked quite well but required the preparation of a hemoglobin 
standard each time. 

We finally found that if the blood were diluted with 0.4 per cent 
ammonia as in the Palmer method and then made acid with a few 
drops of concentrated HCl, a clear solution of acid hematin was 
produced. ‘The acid-insoluble matter collected in a small globule 
which did not interfere with the reading. 


Method 


0.02 ec. of blood is diluted with 5 ec. of 0.4 per cent ammonium 
hydroxide in a regular diluting pipette. If the blood is high in 
hemoglobin, 0.01 ec. of blood may be used. The diluted blood 
is transferred to a test-tube and 0.12 ce. of concentrated HCl is 
added from a microburette or calibrated pipette. We have found 
that this amount of HCl produced a solution with a pH similar 
to that of regular acid hematin solutions. The solution is shaken 
carefully to allow the insoluble matter to aggregate. After 40 
minutes the solution is compared with a Newcomer disk standard- 
ized against acid hematin (8) in a Bausch and Lomb colorimeter. 
A small correction factor needs to be applied for the slight increase 
in volume due to the addition of the acid. If 0.12 cc. of acid is 
used the amount of hemoglobin determined is multiplied by 1.02. 
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In Table I are shown triplicate determinations on several 
different samples of chicken blood. It is readily seen that the 
results for the same sample of blood check very well. Equally 
consistent values were obtained when different amounts of blood 
were used in each determination. The hemoglobin content of rat 
blood was determined by the modified method and compared 
with the results obtained by the direct Newcomer method. The 
values are given in Table II and are practically identical in every 
case. 

Taste 


Triplicate Hemoglobin Determinations on Chick Blood with Modified 
Newcomer Method 


Gm. Hb per 100 ec. blood 
2nd determi rd determi 
4560 8.85 8.74 8.85 8.81 
4582 9.20 9.08 9.08 9.12 
4585 8.51 8.62 8.51 8.55 
45 8.39 8.39 8.39 8.39 
4588 4.08 4.08 4.15 4.10 
4594 7.42 7.31 7.60 7.44 
4595 8.16 8.16 8.39 8.23 
Taste II 


Comparison of Results Obtained on a Sample of Oxalated Rat Blood by 
Newcomer and Modified Newcomer Methods 


Gm. Hb per 100 ce. blood —_ 
Newcomer............... 9.3019. 36/9. 30/9. 3619. 4319. 50/9. 43/9. 50/9.50| 9.41 
9.4119.41/9. 41/9. 4819.3419. 48/9. 41/9. 41/9. 48| 9.43 


During the development of this method attempts were made to 
correlate the results with measurements of the oxygen capacity of 
the blood. With Barcroft differential manometers (8) the hemo- 
globin values calculated from oxygen capacity (13.51, 13.51, 13.32 
gm. per 100 cc.) for rat blood checked closely with those obtained 
by the Newcomer method (13.33 gm. per 100 cc.). The same 
method applied to chicken blood, however, yielded entirely un- 
satisfactory results. Modifications of the procedure to insure more 
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complete hemolysis and to minimize gel formation gave results of 
closer agreement but still not constant enough to justify their use 
for the standardization of hemoglobin measurements. The diffi- 
culties encountered when oxygen capacity methods are applied to 
avian blood need to be studied further. 

Analysis of the blood for total iron was also used as a check 
on the hemoglobin content. The method of Lintzel (9) gave in 
our hands excellent agreement between different samples of the 
same blood. The hemoglobin values were calculated from the 
iron content through the use of the accepted figure of 0.335 per 
cent Fe in hemoglobin. The values obtained by this method and 


Taste III 


Comparison of Hemoglobin Determined by Modified Newcomer Method and 
by Fe Analysis, per 100 Cc. of Blood 


Modified Newcomer method By Fe analysis* 
Chick No. 
Average Hb Fe content 
gm. per 100 ce mg. per 100 cc. | gm. per 100 cc 
4585 1 7.96 1 31.6 9.44 
4590 1 6.26 1 24.4 7.24 
4588 1 8.28 1 32.1 9.60 
4591 2 8.45 4 30.05 8.98 
4560 3 8.81 4 34.45 10.29 
4594 4 7.48 2 31.70 9.47 
4582 4 9.14 3 30.00 8.96 
4587 3 8.39 3 34.36 10.25 


* Mg. of Fe per 100 ce. blood/3.35 = gm. of Hb per 100 cc. 


those obtained by the modified Newcomer method are compared 
in Table III. In most cases the calculated hemoglobin values are 
higher than those obtained by direct determination. Too great 
emphasis should not be placed on the calculated hemoglobin 
values because the large conversion factor of iron to hemoglobin 
enhances the experimental error. Furthermore, to our knowledge, 
the iron content of avian hemoglobin has not been established 
so that the conversion factor used may not be the proper one in 
the case of chickens. Through the work of Barkan (10) and 
Winegarden and Borsook (11) it is definitely established that 
erythrocytes contain considerable amounts of non-hemoglobin 
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iron. This would increase the hemoglobin value obtained by 
calculation from the iron content. In view of these facts we feel 
that the values obtained by the modified Newcomer method are 
the more reliable. In this method the hemoglobin determination 
is based upon a standard acid hematin solution, and it is quite 
definitely established that all blood hemoglobin contains the same 
hematin. The accuracy of the acid hematin method has again 
been established by the measurement of the oxygen capacity 
of rat blood. 


SUMMARY AND CONCLUSIONS 


1. Acid hematin methods are not satisfactory for the deter- 
mination of hemoglobin in avian blood. 

2. A modification of the Newcomer method is presented which 
can be successfully used for the determination of hemoglobin in 
chicken blood. 

3. The standard methods for determining oxygen capacity of 
blood cannot be applied to chicken blood owing to gel formation. 

4. The iron content of chicken blood can serve only as a rough 
approximation of the hemoglobin content of the blood. 
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THE DETERMINATION OF CAROTENE IN BUTTER FAT 


By HAROLD M. BARNETT 
(From the Research Division of S. M. A. Corporation, Cleveland) 


(Received for publication, December 18, 1933) 


Since the discovery that carotene is converted into vitamin A in 
the animal organism, the importance of accurate determinations of 
the carotene content of butter has greatly increased. The method 
outlined by Palmer ((1) p. 259) was of value in showing in a gen- 
eral way the amount of carotene in butter fat, but it is doubtful if 
this was expected to be used as a standard method. That it has 
been so interpreted, however, isshown by referencesin the literature 
such as those of Rogers (2) and of Wilbur, Hilton, and Hauge (3). 
The Palmer method assumes carotene to impart the same color in- 
tensity to oils such as butter fat as an equal proportion of carotene 
gives to solvents such as petroleum ether. As previously pointed 
out by Goldblatt and Barnett (4), such an assumption is in error 
since the color intensity of carotene in oils was found to be several 
times that in petroleum ether. 

In first attacking this problem, an attempt was made to work 
out a ratio between the color of carotene, as determined colori- 
metrically in petroleum ether, and the color of an equal quantity 
of carotene in various edible oils, allowance being made for the 
original color of the oils. Although several oils were found to give 
the same ratio, this conversion factor could not be applied to all 
the oils tested and was, therefore, of questionable application to 
butter fat. 

A test was then performed in which some butter fat was decolor- 
ized with activated carbon and various amounts of pure carotene 
dissolved in portions of it. Colorimetric determinations were 
made to determine the ratio between the actual carotene added 
and the amount as determined by the Palmer method. Results 
were inconsistent and it was found that the carotene rapidly de- 
composed after addition to the decolorized butter fat. This is in 


259 


260 Carotene in Butter Fat 


confirmation of the recent findings of Shrewsbury and Kraybill 
(5) published while this paper was in the process of preparation. 
Either an antioxidant had been removed or an oxidation catalyst 
added during the carbon treatment. 

Attention was then turned towards the development of a spec- 
trophotometric method for the determination of the carotene 
content of butter fat. One spectrophotometric method has 
already been developed and described by Schertz (6) for the deter- 
mination of carotene in solvents such as alcohol and petroleum 
ether. My determinations showed, however, that this method 
could not accurately be applied to butter fat, because the trans- 
mittancy of light at various wave-lengths was different for caro- 
tene in oil solutions than for an equal concentration in alcohols 
or ethers. And because of the low percentage of carotene in 
butter fat, it is impractical to dilute samples of butter fat suffi- 
ciently with these solvents to make the effect of the oil on the 
spectrophotometric determinations negligible. Furthermore, the 
dilution required would depend on the carotene content of the 
butter fat to be tested and the error would not be consistent. It 
seemed well, therefore, to pick an oil as a diluent and solvent for 
the butter fat determinations. The oil selected for this purpose 
was refined coconut oil, as it has very little color and has an ad- 
vantage over other white fats, such as lard, in having a lower 
melting point. 

For the spectrophotometric determinations a model C Keuffel 
and Esser color analyzer (7) was used. The absorption cells were 
3 em. in length. 

The carotene used was prepared from carrots and carefully puri- 
fied by recrystallizing several times from hot petroleum ether. 
Its purity was checked by colorimetric and spectrophotometric 
determinations. This purified carotene was preserved in evacu- 
ated ampules, fresh ampules being opened as needed. 

Because of the small amounts of carotene required to fortify the 
butter fat and other oils used, stock solutions containing 25 mg. 
of pure carotene in 50 gm. of refined coconut oil were prepared. 
Precautions were taken against decomposition of carotene and 
fresh solutions and tests for loss were made frequently. 

Because of the instability of carotene in decolorized butter fat, 
as mentioned above, the determinations which furnish the basis 
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for the new method here developed were made on fresh butter fat 
of known history and low in carotene content. To portions of this 
butter fat diluted with coconut oil were added various amounts of 
the stock carotene solution described above, so that fortifications 
of 0.75, 1.50, and 2.50 mg. of carotene per kilo had been made. 
As a blank in each case, some of the original butter fat was diluted 
with coconut oil in the same proportion as the fortified butter fat. 
In this way a compensation was made in each reading for the 
absorption of the original butter fat and, therefore, absorption 
measurements were solely those due to added carotene. 

As an example of the method used, readings were made for 1.50 
mg. of carotene per kilo of butter fat on solutions prepared as 
follows: 0.18 gm. of stock carotene solution (1 mg. of carotene in 
2 gm. of oil) was diluted with 19.82 gm. of butter fat and this in 
turn was diluted 2:1 with coconut oil. As a blank, some of the 
unfortified butter fat was diluted 2:1 with coconut oil. This 
dilution with coconut oil served three purposes: (1) it lowered the 
absorption of light by the blank, (2) it lessened the tendency for 
the butter fat to solidify in the tubes while measurements were 
being made, and (3) it gave a ratio of butter fat to coconut oil of 
an order similar to that expected in making spectrophotometric 
determinations of the carotene content of various butter fats. 

The results obtained on the three different concentrations of 
carotene in butter fat are shown plotted in Chart I. Only those 
transmittancies obtained for wave-lengths 455 to 500 mu are 
plotted, since the intensity of light was too low for accuracy in the 
lower wave-length region and curves plotted for wave-lengths 
above 500 my tended more towards the horizontal direction, which 
would mean greater errors in reading results from Chart I. Each 
point represents the average of five or more readings at that partic- 
ular wave-length. In cases where two or more lines fell very close 
together, an average was taken and one line plotted. It is in- 
teresting to note that the absorption of carotene in butter fat is 
practically the same over the spectrum range of 475 to 490 mu. 
No doubt there is a definite absorption band in this region, but 
with the spectroscope slit open as for these determinations, such a 
band was not discernible. Also, in plotting the concentration of 
carotene in oil against the —logio transmittancies, it was found 
that the points do not fall on a straight line as when similar meas- 
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urements are made on carotene in organic solvents such as petro- 
}leum ether (6). Thus it would appear that Beer’s law does not 
apply to dilute solutions of carotene in oils. 
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Cuart I. Transmittancies of varying concentrations of carotene in 
butter fat (3 em. cell) at different wave-lengths. For use in the determina- 
tion of the carotene content of butter fats or other oils in which carotene is 
the only pigment of consequence. 


To test the value of Chart I in determining the carotene content 
of various butter fats, five lots of butter of known history and 
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natural color were obtained. Different breeds of cows on different 
rations are represented in this group. The butters were melted; 
the curd, salt, and water allowed to settle; a portion of each butter 
fat filtered twice and refrigerated. Spectrophotometric deter- 
minations were made on each butter fat diluted with coconut oil, 
coconut oil also being used as the blank. The dilutions were not 
the same in all cases, because it was desired to make readings from 
the chart at various concentrations. 

In Table I are shown both the transmittancies of these butter fat 
solutions at various wave-lengths and the carotene content in each 
case as taken from ChartI. It may be noted that in no case does a 
determination at any of the ten wave-lengths show a deviation 
from the mean of over 7 per cent, and in most cases determinations 
are quite close to the mean. By multiplying the average concen- 
tration by the dilution, the carotene content of each individual 
butter fat is shown. The lots vary from 7.3 to 13.0 mg. per kilo 
of butter fat. All of these butter fats were from cows receiving 
more or less green pasture and, therefore, do not cover the com- 
plete butter color range. 7 

In Table I are also shown the results obtained when applying the 
same methods to other dilute solutions of carotene in oils. Lot 6 
was a solution of carotene in Wesson oil which had been used for 
biological tests. It was prepared to contain 11.3 mg. of carotene 
per kilo. The determination by the new method showed 11.6 mg. 
per kilo. Lot 7 was pure carotene dissolved in some oleomarga- 
rine. It was made up to contain 10.0 mg. of carotene per kilo 
and the average results as taken from the butter fat chart are 9.9 
mg. per kilo. It would appear from these two determinations 
that the method worked out for carotene in butter fat could be 
applied very well to determinations of the carotene content of 
other oils, that is where carotene is the only pigment of consequence 
present. 

In the determination of the carotene content of butter fat by 
this method, it is suggested that the sample be diluted with re- 
fined coconut oil in such a manner that the carotene content lies 
between 0.75 mg. and 2.5 mg. per kilo and that determinations 
be made at the various wave-lengths shown in Chart I, coconut 
oil being used as a blank. An average of these determinations 
should give more accurate results than when readings are taken 
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at only one or two wave-lengths. Also, through the use of a wider 
spectral region, one can tell with some degree of certainty whether 
foreign colors have been added to the butter fat. 

This method was developed with full knowledge that the spectro- 
photometer is not a common instrument in biological and dairy 
laboratories. For this reason a conversion factor has been worked 
out which appears to give fairly accurate results when applied to 
determinations made by the Palmer colorimetric method for the 
determination of the carotene content of butter fat. In the case 
of the butter fats, and also the oils colored with pure carotene, 


TaBLe II 


Ratio between Carotene Content of Butter Fats and Other Oils As Determined 
by Colorimetric and Spectrophotometric Methods 


Carotene content 


Colorim- 
eter 
Lot No. Spectro-| Conversion factor 
ard at from 
30 mm.) previous Table I 
column 


Butter fats 


25.7 | 38.6 | 41.5] 12.05] 0.29 


0.28 Average 
Crystalline caro- | 6 25.8 | 38.0 | 40.9 | 11.60 0.28 
tene in oils 7 30.9 | 32.1 34.5} 9.90 0.29 


shown in Table I, a colorimetric determination was made on each 
of the undiluted oil solutions with 0.2 per cent potassium dichro- 
mate solution set at 30 mm. as a standard. The average reading 
in each case is shown in Table II. From these average readings 
the concentration of carotene in mg. per liter was calculated 
through the use of Palmer’s chart ((1) p. 260). These results in 
turn were transferred to mg. per kilo and compared with the 
results obtained by the new spectrophotometric method. By 
dividing the concentrations obtained by the new method by 
those obtained by the colorimetric method, conversion factors 
were secured to be applied to results by the colorimetric method. 


mg. per ™4 Per | md. Per 
1 | 37.2 | 26.7 | 28.7] 7.76] 0.27 
2 | 24.0] 41.3 | 44.4] 13.00| 0.29 
3 38.3 | 25.9 27.8 | 7.30 0.26 
4 99 4 2 OF 
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The variations between the conversion factors obtained for the 
various lots of butter fat and for the solutions of pure carotene in 
oils were not large. The average of seven such comparisons gives a 
conversion factor of 0.28 which it is thought may be applied very 
satisfactorily to results obtained by the colorimetric method 
where a spectrophotometer is not available. 

As a further check on the conversion factor obtained by the 
method given above, two samples of butter fat were carefully 
compared colorimetrically with standard dichromate solution set 
at 30 mm. The one lot was fortified with pure carotene in an 
amount equivalent to 4 mg. per kilo and to the other were added 
6 mg. per kilo. Then colorimetric determinations were again 
made. By dividing the amount actually known to have been 
added in each case by the amount found by the difference in the 
two colorimetric determinations before and after the fortification, 
factors of 0.26 and 0.29 respectively were obtained, thus confirm- 
ing the factor of 0.28 obtained above. 

It should be clearly understood that neither the spectrophoto- 
metric nor the colorimetric method here developed is applicable to 
the determination of the carotene content of butters containing 
commercial butter colors such as annatto or yellow AB and yellow 
OB. Research is now in progress, however, designed to develop 
methods not only for the detection and identification of artificial 
butter colors but also for a quantitative determination of the 
proportion of the total color of any commercial butter which is 
due to pigments other than carotene. 


SUMMARY 


1. A new spectrophotometric method for the determination of 
the carotene content of butter fat has been developed. It is 
based upon transmittancies at different wave-lengths of varying 
amounts of pure carotene dissolved in butter fat. 

2. Determinations by the new method have been made on five 
samples of butter fat. Results ranged from 7.3 to 13.0 mg. of 
carotene per kilo of butter fat. 

3. The new method was found applicable to other dilute solu- 
tions of carotene in oil. 

4. A comparison of determinations of the carotene content of 
various butter fats and of other oils by colorimetric and spectro- 
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photometric methods was made. A factor of 0.28 was obtained 
which may be applied to colorimetric determinations where a 
spectrophotometer is not available. 
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THE ESTIMATION OF THIOCYANATE IN URINE 


By EMIL J. BAUMANN, DAVID B. SPRINSON, ann NANNETTE 
METZGER 


(From the Laboratory Division, Montefiore Hospital, New York) 
(Received for publication, February 20, 1934) 


We present in this paper a method for the estimation of inorganic 
thiocyanate in urine based on its reaction with chromic acid where- 
by hydrocyanic acid is formed. The HCN is removed by aeration, 
trapped in alkali, and titrated with AgNO; according to von 
Liebig and Dénigés (1). Chele (2) has also used this reaction for 
the analysis of thiocyanate but under his conditions the reaction 
is not quantitative. Further, he oxidized biological material 
directly with chromic acid and in such circumstances Plimmer (3) 
has shown that HCN is formed from proteins and certain amino 
acids. Only when as much as 5 mg. of SCN per 100 cc. are pres- 
ent, can the determination be made directly on urine, the error 
being not more than 5 per cent. If smaller quantities are present, 
and this is ordinarily so, a preliminary purification is necessary to 
remove traces of amino acids and other nitrogenous substances. 
For this purpose we have used a process similar to that suggested 
by Sullivan and Hess (4) and with this treatment the error of the 
method, with 0.5 to 4.0 mg. of SCN per liter, amounts to less than 
7 percent. There is a loss of about 0.1 mg. 

The method can probably be applied to deproteinized body 
fluids, though as yet we have had little experience in this. As 
applied to urine it has been used intensively for about 2 years and 
we find it reliable and reasonably rapid. When applied directly 
to urine a dozen determinations in duplicate can be completed in 
5 hours. With preliminary purification, additional time must be 
allowed for concentration and extraction so that about 2 days are 
necessary for making twelve to eighteen analyses. 

During the past 30 years, thiocyanate in urine has been esti- 
mated almost always according to the Rupp and Schied method 
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(5) in which the SCN is precipitated with AgNO; in acid solution, 
the crude precipitate treated with standard iodine in alkaline 
solution, and the excess of iodine titrated with thiosulfate. We 
find the results obtained by this method to be from 30 to 2000 
per cent too high. Even with the purification Sullivan and Hess 
recommend in their recent modification of this method, large 
errors occur. These errors are due to the presence of sulfides, 
mercaptans, and other sulfur compounds, certain amino acids, 
as well as to other substances precipitable by AgNO; or dragged 
down with the bulky silver precipitate, which react with iodine 
in alkaline solution. 

The validity of our chromic acid method has been tested by 
comparison with SCN determinations made by extraction of 
HSCN from acidified urine with ether and its estimation in the 
extract and by distillation of HSCN in vacuo after precipitation 
with AgNO , decomposition of the silver precipitate with (NH,).S, 
removal of the excess sulfide, and finally, estimation of SCN in the 
distillate. With both of these elaborate separations 85 to 95 
per cent of the amount found by the chromic acid method could 
be recovered. This satisfied us that we are estimating SCN by 
our process. 


Procedure 


The following solutions are used. 

1. 0.01 nN AgNO;. Analytical grades of AgNO; are sufficiently 
pure and dry to be considered 100 per cent AgNO;. Standardiza- 
tion is unnecessary. 

2. 10 per cent NaOH. If not clear it is filtered through a 
fritted glass filter. It should be perfectly clear and colorless. 

3. 100 per cent chromic acid solution made by pouring hot 
water over CrQ3.! 

4. Ba(OH), solution, saturated at 20-25°. 

5. 99 to 100 per cent ethanol. 

6. Caprylic alcohol is used to prevent frothing. 

7. 85 per cent H;PQ,. 

Measure 500 to 800 ce. of urine into a 1 liter volumetric flask and 
add Ba(OH),; solution, saturated at 20—25°, until precipitation is 


1 Avoid inhaling CrO; dusts. If any solution gets on the hands, remove 
with bisulfite. 
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complete, avoiding a large excess. Make up to volume and filter 
on a fluted paper. Evaporate an aliquot of 500 to 800 cc. almost 
to dryness on a water bath. Extract the residue with 75 cc. of 
100 per cent ethanol, warm, and pour the extract into a 250 ec. 
centrifuge bottle. Dissolve the insoluble residue remaining in 
the dish in 5 ec. of water, warming on a water bath, add gradually 
75 ec. of 100 per cent ethanol, and warm and pour this washing 
into the same centrifuge bottle. Rub up the residue with 75 cc. 
of ethanol, warm, and combine with the other washings. Chill to 
below 15°. Centrifuge the combined alcoholic extracts for about 
3 minutes and pour into a 500 cc. wide-mouth conical flask. Wash 
the cup and the residue with about 20 cc. of ethanol, centrifuge 
if necessary, and add the clear washings to the extract. Immerse 
in a water bath, add a piece of cracked porcelain, and evaporate 
nearly to dryness. Add a few ce. of water and evaporate again; 
wash the residue into a Drechsel type wash bottle 6 inches X 1 
inch with the aid of hot water, keeping the volume down to not 
more than 20 ec., acidify with a few drops of 85 per cent H;PQ,, 
and add 3 drops of caprylic alcohol. Put a plug of glass wool into 
the exit tube. Connect this in series with a similar wash bottle 
containing 10 ce. of 10 per cent NaOH solution. Then add 10 ce. 
of 100 per cent chromic acid to the urine extract through the long 
tube of the wash bottle and pass a stream of air, free of COn, 
through the tubes to transfer the HCN produced to the alkali tube, 
at a rate of 500 to 750 cc. per minute. After half an hour, place 
the wash bottle containing the urine in a water bath warmed to 
about 50° and continue aeration for another 2 hours. 

The type of wash bottle and water bath used with dimensions 
are shown in Fig. 1. It is convenient to have up to six pairs of 
tubes in a chain. We warm the bath by passing hot water 
through it; direct heating may be more desirable. 

When cyanides or thiocyanates are administered which are 
excreted as inorganic thiocyanates and the concentration is 5 mg. 
per cent or more, the purification with Ba(OH), and alcohol is 
unnecessary. In this case pipette 5 to 20 ce. of urine into a bub- 
bling tube, add 2 drops of caprylic alcohol, acidify with HsPO,, 
close, and connect with the alkali tube. Then tilt the rack, add 
one-half the volume of chromic acid solution to the urine tube as 
above, and carry out the aeration. 
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Disconnect the bottles, wash down the ground glass stopper 
with a little water, add 0.3 cc. of concentrated NH,OH and 0.5 ce. 
of 4 per cent KI, freshly prepared. Titrate to the first appearance 
of a permanent bluish opalescence with 0.01 n AgNOs, using a 
microburette that delivers drops not larger than 0.02 cc. Sub- 
tract 0.02 cc. from the volume of AgNO; used and multiply by 
1.162 to find the amount of SCN in mg. in the sample analyzed. 


—— HOT WATER | 
INLET 


ail andl 


OUTFLOW 


Fig. 1. Illustration of the wash bottle and water bath used, with the 
dimensions, 


Notes on Method—Dilute solutions of HSCN are said to be 
fairly stable. We find, however, that the small amounts dealt 
with here are readily destroyed on standing in the cold with 
strong acids. For example, while standing overnight at 20° in a 
10 per cent H,SO, solution, about 5 per cent of the SCN present is 
destroyed; with stronger acid it may be completely lost. The 
salts are stable. We, therefore, aim to keep the reaction slightly 
alkaline during the analysis until the oxidation is carried out. 
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Ba(SCN)- is very soluble in absolute ethanol. Tscherniac and 
Hellon (6) give its solubility as 30 per cent at 20° and 32.8 per 
cent at the boiling point. We have confirmed the finding of 
these authors as to the great solubility of Ba(SCN). in 95 and 100 
per cent ethanol. In spite of this property, conscientious rubbing 
is necessary for thorough extraction of the Ba(SCN). from the 
bulky insoluble mass that results from treatment with alcohol, a 
mass that may be either sticky, muddy, or granular. 

Chromic acid reacts with certain amino acids, especially glycine, 
and with proteins, giving rise to HCN at the boiling point (3). 
We find that certain urinary constituents react with H.CrO, also 
toform HCN. The hydrocyanic acid so formed amounts to about 
0.2 to 0.3 mg. per day in rabbits, 0.6 mg. in cats, and about 0.5 to 


TaBLe I 
Recovery of Thiocyanate Added to Urine 
Volume SCN present SCN added SCN recovered 

ce. mg. mg. mg. 

5 0.77 0.58 0.57 

5 0.77 1.16 1.14 
10 1.08 1.12 1.06 
10 1.08 2.24 2.17 
10 1.08 3.90 3.75 
40 0.30 1.12 1.08 
40 0.30 3.89 3.75 


2.0 mg. per day in man. These interfering substances are re- 
moved by the preliminary purification with Ba(OH)-: and alcohol. 

Strong acid will saponify HCN slowly. Under the conditions 
employed here, such losses are not significant. 

Chromic acid will liberate HCN from organic compounds con- 
taining CN, SCN, or NCS groups, e.g. cyanacetic acid, nitriles, 
isothiocyanates, etc. The presence of such substances must be 
excluded. 

Validity of Method—Recoveries of 0.5 to 20 mg. of SCN from 
10 to 50 ce. of water, with an error of less than 3 per cent, have been 
made. Table I shows recoveries of thiocyanate from urine when 
the chromic acid oxidation is made directly. Here the errors are 
less than 5 per cent when 0.5 to 10 mg. of SCN are present. 
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Equally good recoveries have been reported for the Rupp and 
Schied method, a finding that we have confirmed. 

When, however, SCN determinations are made by both the 
proposed and the Rupp and Schied methods, results such as are 
shown in Table II are obtained. The rabbit urines were obtained 
from animals injected with acetonitrile; the human urines were 
from healthy subjects on mixed diets. The Rupp-Schied method 
gives results much higher than the chromic acid method, the 
difference varying from 25 to 1800 per cent in the examples in 
Table II. Even greater differences have been observed in other 


II 
Comparison of Rupp-Schied and Chromic Acid Methods 
Urine CrO;-SCN R.-S. SCN 
mg. mg. 
4.27 27.5 
24 “ ” 1.16 20.4 
40 “ 0.07 0.21* 
40 “ 0.27 0.61* 


* By Sullivan’s improved Rupp-Schied method. 


specimens. The Rupp-Schied determinations in the last three 
comparisons in this table were made by the recent Sullivan modi- 
fication, and while the results are not as high as those given by the 
original Rupp-Schied procedure, they are still 200 to 700 per cent 
above those obtained by the chromic acid oxidation. 

In spite of satisfactory recoveries of added thiocyanate by both 
iodometric and oxidation processes, this enormous discrepancy 
called for an examination to discover where the error lay. By 
rough preliminary tests we had found that ferric salts added to 
urine should produce a far more intense red color than they do, 
if anything like the amount of SCN that the Rupp-Schied method 
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indicated is present. Thiocyanate was separated from urine 
nearly quantitatively by extraction with ether and by distillation 
from acid solution in vacuo. Analyses of the separated SCN gave 
results that were nearly the same by both methods and also in 
substantial agreement with those obtained by the chromic acid 
oxidation as applied directly, but were much lower than those 
obtained by the Rupp-Schied method. 

Thiocyanic acid was extracted from six 40 cc. specimens of hu- 
man urine in a continuous liquid extractor for about 20 hours at a 
pH of 2 with peroxide-free ether. The amounts found in the 
ether extracts were 0.37, 0.23, 0.054, 0.22, 0.35, and 0.71 mg., 
while by applying the oxidimetric method directly, 0.39, 0.26, 
0.065, 0.27, 0.39, and 0.66 mg. respectively were obtained in the 
corresponding specimens. 

The results on the ether extracts are about 10 per cent lower 
than those found directly on the urine. In most instances this is 
equivalent to about 1 drop of the standard silver nitrate solution; 
that is, 0.02 ce. Considering the steps involved in the separation, 
the agreement is quite satisfactory. Several of these specimens 
were analyzed by the Sullivan-Rupp-Schied method, and in each 
instance figures several hundred per cent higher than those just 
given were obtained. 

Finally as further evidence that the proposed method really 
measures SCN, while the Rupp-Schied analysis when applied to 
urine (and probably to any tissue extract or fluid) measures sub- 
stances of which SCN makes up only a small part, we present a 
comparison of determinations of SCN by both methods applied 
to six specimens of urine directly and to the distillate obtained 
from the same specimens. 

In these experiments, the urine was treated with AgNO; in 
HNO; solution to precipitate the thiocyanate just as in the Rupp- 
Schied method. The silver precipitate was centrifuged off, washed 
with acidulated water several times, and then treated with 
(NH,).S. More H.S was passed into the solution and the decom- 
position continued overnight. The AgS was filtered off and 
washed. The silver-free fluid and washings were evaporated to 
dryness in vacuo below 40-45°. A little water was added to dis- 
solve the residue, then about 15 volumes of absolute ethanol to 
make the colloidal sulfur filtrable, the sulfur filtered off and 
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washed, and the filtrate evaporated to cdiryness in vacuo. The 
residue was dissolved in a little water, acidified with H:SO, to a 
pH of 2, and again distilled in vacuo, this time, the HSCN being 
caught in alkali. The distillate was made up to volume and 
aliquots analyzed by both the Rupp-Schied and the chromic acid 
methods.” 

When 10 mg. of KSCN in 50 ee. of water were distilled in vacuo 
at a pH of 2 and the HSCN caught in alkali as above, 96 to 98 
per cent could be recovered. In these experiments, the SCN found 
in the distillate by the chromic acid method was 95, 90, 97, 95, 90, 
and 93 per cent of that found by direct analysis of the urine. 
These figures are nearly as good as those in the control experi- 
ments with standard thiocyanate solutions. Considering the 
elaborateness of the separation from urine, the agreement is ex- 
cellent.* 

Figures obtained by the Rupp-Schied method on these urines 
were about 25 per cent higher than those by the chromic acid 
method, while on the distillate the results averaged less than 10 
per cent more. The Rupp-Schied distillate figures are high, 
probably due to a trace of some volatile sulfur compound that 
distils over and which would react with iodine. 

As a further check, the SCN was estimated colorimetrically on an 
aliquot of the distillate of urine of Subjects C and D, by use 
of the red color produced with ferric salts. The values obtained 
were 7.40 mg. and 13.92 mg., compared with 7.26 mg. and 14.08 
mg. by the oxidimetrie process and 7.85 mg. and 14.95 mg. by the 
Rupp-Schied method. Direct analysis of these two urines by 
the oxidimetric method gave 7.48 mg. and 14.98 mg. respectively 
and by the Rupp-Schied method 9.40 mg. and 17.50 mg. There 
can be little doubt that our method measures thiocyanate. 

Some examples of the daily excretion of SCN in man, in nor- 
mals and in disease, are given in Table III to show the range. In 
all these cases foodstuffs which are known to contain cyanogenetic 


?The rabbits from which these urines were obtained were receiving 
acetonitrile. 

° To 400 ec. of human urine containing 1.24 mg. of SCN, 1.78 mg. of SCN 
were added. This was taken through the same silver precipitation, de- 
composition, and distillation process. In the distillate 2.98 mg. were found, 
giving a recovery of 1.74 mg. of the added SCN — a loss of 2 per cent. 
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glycosides as well as those containing mustard oil glycosides (the 
Crucifere) were excluded from the diet on the days the urine was 
collected. Tobacco was not used. From 0.5 to 3.0 mg. are 
excreted per day. 


TaB_e III 


SCN Excretion in Urine in Health and Disease 
Diagnosis Spent 
Ist 2nd 3rd 
yrs mg. mg. mg. 
25 M. 1.41 1.44 1.69 
45 “ 1.37 1.28 1.16 
30 F 1.13 1.21 1.08 
40 “ 0.47 0.52 0.55 
Gonorrheal arthritis................. 0.86 
Polyarthritis deformans.............. 59 M, 2.43 1.41 
59 “ 0.99 
Thromboangiitis obliterans. ......... 20 “ 2.56 1.23 
Lymphatic leucemia................. 39 “ 0.39 0.37 
25 “ 0.83 1.10 
Spastic paraplegia................... — 0.92 1.09 2.06 
Pernicious anemia................. oa 0.91 0.79 0.72 
Lues, central nervous system. .......| 58 “ 2.58 3.46 2.31 
Chronic rheumatic heart disease. ....| 24 F. 1.32 
Pulmonary tuberculosis, pentosuria. .| 35 M. 2.23 2.99 
Carcinoma of ovaries................ 32 F. 0.57 
Endothelioma of dura............... 22 M. 1.62 1.71 1.65 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 


XXXVIII. A NEW SYNTHESIS OF PHTHICOL, THE PIGMENT OF 
THE HUMAN TUBERCLE BACILLUS * 


By M. 8. NEWMAN,t J. A. CROWDER,? anv R. J. ANDERSON 
(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, March 10, 1934) 


In former publications we have described the isolation of a 
pigment from the human tubercle bacillus (1) and have shown that 
this substance, named phthiocol, is 2-methyl-3-hydroxy-1 ,4- 
naphthoquinone (2). We have also described a method by which 
phthiocol can be synthesized from 2-methylnaphthalene (3). 
Since the yield by this method was low, the maximum being about 
12 per cent of the theoretical, it seemed desirable to work out a 
new method of synthesis and especially one which would give bet- 
ter yields. 

The new synthesis consists in decarboxylating 3-hydroxy-1 ,4- 
naphthoquinone-2-acetic acid. The reaction can be carried out 
by heating the above named compound, dissolved in diphenyl 
ether, in the presence of the copper-barium chromite catalyst of 
Connor, Folkers, and Adkins (4). The yield of phthiocol or 2- 
methyl-3-hydroxy-1 ,4-naphthoquinone was about 41 per cent 
of the theoretical. 

After our work was completed we learned of the experiments 
described by Madinaveitia (5) by which 2-methyl-3-hydroxy-1 ,4- 
naphthoquinone can be prepared from 2-methyl-1 ,4-naphtho- 
quinone by the action of calcium hypochlorite followed by treat- 


* The present report is a part of a cooperative investigation on tubercu- 
losis; it has been supported partly by funds provided by the Research Com- 
mittee of the National Tuberculosis Association. 

+ Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1932-33. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1933-34. 
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ment of the reaction product with sulfuric acid. The yield 
reported by Madinaveitia was over 60 per cent. 


EXPERIMENTAL 


3-Hydroxy-1 ,4-naphthoquinone-2-acetic acid was prepared 
from naphthalene by the following series of reactions. Naphtha- 
lene was oxidized with chromic acid to naphthoquinone by the 
method outlined in Houben (6) and the naphthoquinone was 
brominated as described by Miller (7). The resulting 2,3-dibro- 
mo-1 ,4-naphthoquinone was converted into 2-dicarbethoxymethyl- 
3-bromo-1 ,4-naphthoquinone by the method of Liebermann (8) and 
this compound on treatment with 10 per cent aqueous potassium 
hydroxide according to the directions of Liebermann (9) gave 
3-hydroxy-1 ,4-naphthoquinone-2-acetic acid in a yield of 42 
per cent calculated on the naphthoquinone. All of the above 
mentioned derivatives had the properties described in the literature. 

The decarboxylation of the acetic acid derivative was carried 
out as follows: 2.1 gm. of the substance were dissolved in 34 cc. 
of hot diphenyl ether and 0.3 gm. of the copper-barium chromite 
catalyst was added. The mixture was heated and when the tem- 
perature had reached 225° a marked evolution of gas was noticed. 
The heating was continued to 235° for 10 minutes after which the 
reaction mixture was allowed to cool. The mixture was dissolved 
in ether and the ethereal solution was washed with dilute potas- 
sium hydroxide. The alkaline solution which was of deep red 
color was acidified with sulfuric acid after which the mixture was 
distilled with steam until the distillate was practically colorless. 
The distillate which was yellow in color and contained yellow 
needle-shaped crystals was extracted with ether. The ethereal 
solution, after it had been dried with sodium sulfate, filtered, and 
evaporated to dryness, gave 0.7 gm. of crude crystalline phthiocol. 
The product was recrystallized from dilute alcohol after treatment 
with norit and was obtained in the form of beautiful yellow pris- 
matic crystals which melted at 173°. The melting point was not 
depressed when some of the substance was mixed with naturally 
oceurring phthiocol. 

For analysis the substance was dried in a vacuum desiccator 
over sulfuric acid. 
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0.0180 gm. substance: 0.0070 gm. H,0, 0.0462 gm. CO; 
C.:H;0; (188). Calculated. C 70.21, H 4.25 
Found. “ 70.00, “ 4.35 


A monoacetate was obtained when the substance was treated 
with acetic anhydride in pyridine solution, which on crystalliza- 
tion from dilute alcohol separated in the form of fine yellowish 
needles, m.p. 106-107°. There was no depression of the melting 
point when some of the substance was mixed with phthiocol 
monoacetate. 

A colorless triacetyl derivative was formed when the mono- 
acetate was refluxed in a mixture containing acetic acid, acetic 
anhydride, fused sodium acetate, and zine dust. The substance 
crystallized from dilute alcohol in compact colorless prismatic 
crystals which fused to an opaque mass at 148-149° and melted to 
a clear fluid at 158-159°. These melting points were not changed 
when some of the substance was mixed with phthiocol triacetate. 


SUMMARY 


2-Methyl-3-hydroxy-1,4-naphthoquinone has been obtained 
in fair yield by decarboxylating 3-hydroxy-1 ,4-naphthoquinone- 
2-acetic acid. The product thus obtained is identical in proper- 
ties with the naturally occurring phthiocol and it also gives 
identical derivatives. 
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A STUDY OF KETOSIS IN THE PHLORHIZINIZED RAT* 
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New Haven) 


(Received for publication, March 10, 1934) 


According to the current views a definite ratio must exist be- 
tween the ketogenic and antiketogenic constituents oxidized in 
the body if ketosis is to be averted in man (1-4). Shaffer (3) has 
shown that abnormal amounts of acetone are formed in man when 
the ketogenic-antiketogenic ratio exceeds 2:1. He has also 
demonstrated that each mole of ketogenic substances oxidized in 
excess of the 2:1 ratio gives rise, more or less quantitatively, to 1 
mole of acetone in the urine. However, with the lower animals, 
other observers have failed to confirm such a definitely fixed ratio. 

Geelmuyden (5) found that dogs and rabbits did not develop 
a marked ketosis when they were fed on a protein-fat diet, or 
fasted. Baer (6) reported similar results with the rabbit, goat, 
and pig as experimental animals. Allen (7) was unable to pro- 
voke a marked ketosis in dogs by high fat diets or fasting. Wig- 
glesworth (8) fed rats a diet of butter fat and salts and found that 
these animals excreted only minute quantities of acetone bodies. 
Levine and Smith (9) fed rats diets in which the concentration of 
the proximate principles was varied considerably. They found no 
essential difference in the amount of acetone bodies excreted on 
diets rich in fat, carbohydrate, or protein. The animals never. 
developed an appreciable ketosis. The daily injection of phlor- 
hizin, however, did produce an increase in acetone excretion in 
the rats. 

Since Richardson (10) and Richardson and Mason (11) have 
shown that there might be differences between the foodstuffs fed 


* This research was aided by a grant from the Research Fund of Yale 
University School of Medicine. 
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and the metabolic mixture oxidized, it was thought of interest to 
compare the observed excretion of acetone bodies in the rat with 
the amounts predicted by the Shaffer (3) method of calculation, 
when the metabolic mixture was not estimated from the diet but 
was determined directly from the respiratory quotient and the 
metabolic rate. 


Methods 


Rats were chosen as experimental animals since they were most 
convenient for the determination of metabolism for long periods. 
The metabolic rate and respiratory quotient were determined for 
periods of 1 to 4 days with an open system (12) on animals which 
were subjected to various procedures. The urine excreted during 
these periods was collected, and aliquot portions were analyzed for 
nitrogen by the Kjeldahl method, and for acetone by the Van 
Slyke (13) technique. With these data it was possible to calcu- 
late the theoretical yields of acetone bodies, and compare them 
with the observed yields. 

Levine and Smith (9) had found that there was an increased 
acetone production when rats were phlorhizinized. Since this 
seemed to be the most favorable condition for the study of ketosis, 
seven animals were injected daily with 120 mg. of phlorhizin per 


I 
Experiments on Phlorhizinized Rats 


ti ‘Change in 
Rat No. Oxygen |Nitrogen| k.q. Acetone of D:N 
equal {5} 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
liters mg. mg. mg. mg. 


157 | 16.10 | 329 | 0.714 277 1250 1070 1.51 | +0.010 
159 | 19.05 | 592 | 0.715) 1120 1410 1102 3.10 | —0.001 
161 | 19.18 | 399 | 0.705 755 2470 2255 3.00 | +0.008 
169 | 15.90 | 484 | 0.715] 1760 1160 879 3.67 | —0.010 
173 | 15.28 | 372 | 0.698 577 2240 2046 2.60 | +0.020 
177 6.63 | 192 | 0.726 345 80 0 3.22 | —0.010 
179 6.81 | 290 | 0.714 283 570 396 2.26 | +0.004 


j * Column 6 is calculated with the factors suggested by Shaffer (3); 
Column 7, with the correct protein ketogenic factor. 
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kilo and the data required for the calculation of the theoretical 
yields of acetone bodies were collected. The complete data are 
presented in Table I. 


Results 


The theoretical yields of acetone were calculated with the fac- 
tors suggested by Shaffer (3) for the ketogenic and antiketogenic 
foodstuffs oxidized. It was noted that the values (Column 6) 
exceeded the amounts of acetone recovered in the urine in five 
of the seven experiments. Since the errors involved in the 
analyses of acetone could not account for the differences, we have 
examined the method of calculating the theoretical yields. In 
Shaffer’s calculations the ketogenic factor for protein was arbi- 
trarily increased by 50 per cent in order to obtain better agreement. 
It was thought that the increase of this factor might account 
for the discrepancies, and the data were therefore recalculated, 
the theoretically correct factor for the ketogenic equivalent of 
the protein being used. These new values for the theoretical 
yields of acetone (Column 7) showed better agreement with those 
observed in five of seven experiments, but there still remained 
appreciable differences between amounts of acetone calculated 
and the actual recovery in the urine. It was of greater signifi- 
cance, however, that the theoretical now exceeded the observed 
results in only four of the seven experiments. The distribution 
suggested the possibility that the discrepancies might be due to 
errors inherent in the methods used, other than the acetone 
analysis. 

The errors which might occur in the determination of the re- 
spiratory quotient were found to have the greatest effect on the 
theoretical acetone yields. To demonstrate this we have cal- 
culated the change in the respiratory quotient necessary to ac- 
count for the discrepancies between the observed and calculated 
yields. The values calculated have been included in Column 9, 
and it may be seen that they varied from 0.001 to 0.020 with 
an average of 0.009. The accuracy of the method of determining 
the respiratory quotient may be estimated from the fact that the 
average deviation of a single determination from the theoretical 
in a series of nineteen alcohol checks was 0.006. It is therefore 
apparent that the differences between the amounts of acetone 
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calculated and those recovered in the urine may be in a large 
measure due to errors in the method of determining the respira- 
tory quotient. In view of the fact that the discrepancies were in 
some cases as much as 3 times the amounts of acetone recovered 
in the urine, it is impossible to conclude that the ketogenic- 
antiketogenic ratio of exactly 2:1 obtains in phlorhizinized rats. 
On the other hand, since these differences may be due to errors in 
the determination of the respiratory quotient, it is probable that 
the oxidation of ketone acids requires the simultaneous oxidation 
of some antiketogenic substances. At present we are conducting 
experiments of a similar nature on dogs and primates in which the 
discrepancies which may arise due to errors in the methods will 
constitute a smaller fraction of the observed acetone recovery in 
the urine. 
SUMMARY 


In experiments on seven phlorhinized rats, the foodstuffs meta- 
bolized have been determined from the oxygen consumption, the 
respiratory quotient, the urinary nitrogen, and acetone. As- 
suming a ketogenic-antiketogenic ratio of 2:1, the amounts of 
acetone that should be excreted have been calculated in the fol- 
lowing two ways: (1) with the ketogenic and antiketogenic fac- 
tors suggested by Shaffer; and (2) with the corrected factors for 
the ketogenic and antiketogenic equivalents of the foodstuffs 
oxidized. The latter method yielded the closest approximation 
to the actual recovery of acetone in the urine. The data indicate 
that the oxidation of the ketone acids requires the simultaneous 
oxidation of antiketogenic substances. 
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A STUDY OF KETOSIS IN FASTED AND FAT-FED RATS* 
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(From the Laboratory of Physiology, Yale University School of Medicine, 
New Haven) 


(Received for publication, March 10, 1934) 


The relative freedom from ketosis of rats during fasting or high 
fat feeding has been used as evidence that these animals can oxi- 
dize acetone bodies without the simultaneous oxidation of anti- 
ketogenic substances (1). In view of the fact that under the in- 
fluence of phlorhizin the rat, like the human, has been shown to 
require the oxidation of antiketogenic substances in order to avert 
a ketosis (2), it became of special interest to study ketosis which 
might be induced in rats by fasting and fat feeding. 

The experimental method was the same as that used in the pre- 
vious experiments (2) on phlorhizinized rats. Nine rats were 
fasted for periods as long as 12 days, and the analyses were made at 
successive intervals of 2, 3, or 4 days. A second group of five 
animals was offered a diet of pure lard and salts for periods not 
longer than 13 days. The animals ate this diet readily, and the 
experiments were not prolonged sufficiently to bring on deficiency 
symptoms which might have obscured the results. ‘The complete 
data are presented in Table I. The theoretical yields of acetone 
bodies calculated from the respiratory quotient and the correct 
factor for the ketogenic equivalent of protein (2) are presented in 
Column 7. Column 8 contains the theoretical yields of acetone 
which have been calculated on the assumption that no carbohy- 
drate was oxidized during fasting or fat feeding. 

Of the thirty-seven periods obtained on the fourteen rats, in 
thirty-five the observed excretion of acetone was either 0 or negligi- 
bly small (Column 6). One animal (Rat 221) had a marked keto- 


* This research was aided by a grant from the Research Fund of Yale 
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TaBie I 
Experiments on Fasted and Fat-Fed Rats 
Theoretical 
(6 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
days liters mg. mq. mg mg. 
175 | 2-3] 12.44) 176 | 0.729) 803 | Fast 0.722 
187 | 2-3 | 15.92} 263 | 0.724) 0 329 | 877| “ |+0.004] 0.716 
4-5 | 12.48) 278 | 0.782) 0 0; 302; “ 0.777 
6-7 | 11.80} 377 | 0.723) 0 192 0] “ |+4+0.003) 0.704 
8-9 | 10.75} 659 | 0.731) 0 0 0.692 
191 | 2-3 | 12.65) 231 | 0.704, O | 1590] 513] “ |+40.021] 0.692 
4-7 | 20.50) 505 | 0.727) 0O 0; 561 0.715 
8-10} 13.98} 803 | 0.727; 0 0 0.687 
209 | 1-3 | 25.95) 492] 0.741) 16 1250; “ 0.734 
4-6 | 23.86) 401 | 0.749) 15 0| 1340; “ 0.743 
7-10) 22.77| 645 | 0.751) 17 297; “ 0.742 
203 | 1-2] 15.30) 232] 0.737] O| 945) “ 0.731 
3-4 | 13.91] . 344 | 0.737) 0| 378 0.728 
5-8 | 26.15} 266 | 0.723! 11 797 | 2140} “ |+40.005] 0.719 
9-11) 15.51] 226 | 0.762} 9 995; “ 0.758 
199 | 3-4] 10.27) 358 | 0.754) 0 0.742 
5-7 | 17.55) 403 | 0.761] 0 540; “ 0.754 
8-9 | 9.93) 546 | 0.788) 0 0 0.779 
201 1-4 | 33.22) 390] 90.741) 0O 0 | 2440 0.736 
5-11] 52.44) 288 | 0.732] 18 0| 5180} “ 0.730 
189 | 3-4] 10.00} 186 | 0.714) 0 756 | “ |+0.013) 0.702 
215 | 2-5 | 17.50) 356] 0.719] 17 “ 0.708 
217 | 2-5 | 29.24) 394 | 0.723} 17 | 1850 | 1960-| “ |+0.013) 0.717 
6-7 | 15.49} 230] 0.700) 18 | 1990} 830 | Lard |+0.022| 0.688 
8-11] 25.17| 160 | 0.736) 43 0 | 2360; “ 0.733 
216 | 2-4 | 18.27] 336 | 0.734) 33 886; “ 0.726 
5-7 | 18.63) 194 | 0.719) 27 868 | 1470 | “ |+0.010) 0.714 
8-10} 18.49} 143 | 0.715) 29 | 1260 | 1640 “ 0.711 
11-13] 19.37} 101 | 0.746} 44 “ 0.745 
219 | 2-5 | 33.87] 732 | 0.734) 17 0 | 1080 | Fast 0.724 
6-9 | 29.74) 488 | 0.738] 14 0 | 1670 | Lard 0.731 
10-12) 22.49} 316 | 0.718} 12 | 1240] 1460] “ /|+40.012) 0.711 
220 | 2-4 | 23.38) 140 | 0.720} 12 | 1220 | 2220; “ |+40.012/ 0.717 
5-7 | 22.51) 96 | 0.812) 11 0 | 2280; “ 0.813 
221 | 2-4] 19.95) 176 | 0.722) 4 582 | 1670 | “ |+0.005) 0.718 
5-7 | 23.84) 286 | 0.727] 113 0|1820| “ 0.722 
8-10} 23.14) 182 | 0.743) 794 0| 2030; “ 0.714 
*Column 7 is calculated with the correct protein ketogenic factor; 
Column 8, on the assumption that no preformed carbohydrate was oxidized. 
288 


Goldfarb, Barker, and Himwich 289 


sis for two periods of fat feeding. We are unable to offer any 
explanation for this deviation from the more usual absence of 
ketosis noted in the other thirteen rats. 

When the theoretical yields of acetone substances were calcu- 
lated on the assumption that no carbohydrate was oxidized, they 
were found to exceed the observed yields in thirty-two of the 
thirty-seven periods. In the remaining five instances the amount 
of acetone calculated was 0. The absence of ketosis in the major- 
ity of experiments indicated either that the assumption of a com- 
plete loss of carbohydrate oxidation is invalid, or that the rat is 
able to oxidize the ketones without the oxidation of some antike- 
togenic substances. In the present experiments the assumption 
that no carbohydrate was oxidized is doubtful, since the non-pro- 
tein respiratory quotients were found to be below 0.707 in only 
six of the thirty-seven experiments (Column 11). In three of 
these experiments the amounts of protein oxidized were so great 
that the theoretical yields of acetone were 0 despite the fact that 
no preformed carbohydrate was oxidized. In thirty-one experi- 
ments the non-protein respiratory quotients were above 0.707, 
indicating the oxidation of a mixture of fat and carbohydrate. 
The carbohydrate oxidized probably arose from the body stores of 
glycogen which have been demonstrated to be present in appre- 
ciable amounts in the rat fasted 48 hours (3). 

When the theoretical yields were determined from the respira- 
tory quotients, they were found to be 0 twenty-five times, and 
exceeded the observed yields in twelve experiments. It is possible 
that the discrepancies in the latter group of experiments might be 
due to an error in the determination of the respiratory quotients. 
The changes in the respiratory quotients necessary to account for 
the discrepancies have therefore been calculated and are presented 
in Column 10 of Table I. They varied from +0.003 to +0.022, 
with an average of +0.011. If the differences found in the 
above group of experiments were due to errors in the methods 
used, one should expect to find a similar group of experiments in 
which the respiratory quotients were too high. Such errors would 
result in the calculation of quantities of acetone which were lower 
than the observed recovery, a phenomenon noted in the experi- 
ments on phlorhizinized rats (2). But since the amounts of ace- 
tone found in the other twenty-three experiments were practically 
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0, it is evident that this type of discrepancy could not be demon- 
strated. 


SUMMARY 


In the present experiments on nine fasted rats and five fat-fed 
rats the foodstuffs metabolized have been determined from the 
oxygen consumption, the respiratory quotient, and the urinary 
nitrogen. Assuming a ketogenic-antiketogenic ratio of 2:1, the 
amounts of acetone that should be excreted have been calculated 
and compared to the amounts recovered in the urine. The rats 
excreted almost no acetone bodies in a large majority of ex- 
peyfments. The non-protein respiratory quotients indicated 
that a mixture of fat and small amounts of carbohydrate was 
oxidized. If these small amounts of carbohydrate were neglected, 
the theoretical yields of acetone were found to exceed the observed 
yields in thirty-two of thirty-seven experiments. However, when 
the amounts of carbohydrate oxidized were included in the calcu- 
lations, the theoretical yields were 0 (as were the observed yields) 
in 66 per cent of the experiments. The amounts of acetone ex- 
pected in the remaining experiments could be accounted for by 
the errors in the methods used. It is therefore probable that the 
rat requires the oxidation of a fairly definite proportion of anti- 
ketogenic substances when acetone bodies are oxidized. 
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THE PREPARATION OF ENZYMATICALLY PURE PRO- 
TEINASE AND THE QUANTITATIVE DETERMINA- 
TION OF THE INFLUENCE OF PROTAMINASE 


By LEOPOLD WEIL* 


(From the Biochemical Institute of the German Technical High School, 
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(Received for publication, February 5, 1934) 


Protaminase was isolated from the pancreatic enzyme system 
by Waldschmidt-Leitz, Ziegler, Schaeffner, and Weil (1). The 
influence of this enzyme is limited, for example, to protamins and 
their decomposition products, while it is ineffective with the high 
molecular proteins. Calvery (2) also found that egg albumin, 
which is unaffected by protaminase, if digested previously by 
pepsin or trypsin, produces cleavage products which are readily 
affected by this enzyme. The influence of this enzyme is limited 
to the decomposition of basic amino acids, such as arginine, which 
are found in the free carboxyl end-groups of the proteins. 

The present publication, incorporating results found by me 
several years ago, will serve as a contribution to the extension 
of the proteolytic enzyme system. The enzyme formerly known 
as proteinase consists of a mixture of proteinase and protaminase. 
The proper procedure for obtaining this, according to Wald- 
schmidt-Leitz and Purr (3), was the separation of the ereptic 
enzymes at acid reaction with alumina Cy (4), while the car- 
boxypolypeptidase was adsorbed at neutral reaction likewise with 
alumina Cy. In the supernatant liquid are found the proteinase 
and protaminase. 

A further separation of these two enzymes was accomplished by 
Waldschmidt-Leitz and Kofranyi (5) by precipitation with al- 
bumin, whereby the active and inactive proteinase are bound, the 
protaminase remaining in the supernatant fluid. 


* Now Research Chemist at the Cancer Research Laboratories, Uni- 
versity of Pennsylvania Graduate School of Medicine, Philadelphia. 
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If, however, it is desired to obtain proteinase in enzymatically 
pure form, it is found that the use of the adsorbent alumina A (6) 
is expedient. The ereptic enzymes are adsorbed as usual at acid 
reaction with alumina Cy, followed by adsorption with alumina 
A at neutral reaction, whereby the carboxypolypeptidase and 
protaminase are removed. The supernatant fluid contains the 
proteinase. 

The starting material for the quantitative determination of 
protaminase was clupein, which is acted upon by proteinase as 
well as protaminase. The fact that the effect of proteinase extends 
also to higher protein complexes, while that of protaminase is 
limited to protamin and its decomposition products, served as a 
starting point. It was also possible by special procedure of acid 
hydrolysis of clupein to reach a stage in the decomposition at 
which the proteinase influence had ceased, while that of pro- 
taminase was still strong. This particular stage was indicated 
by the easily reproducible quotient, total nitrogen to amino 
nitrogen (N2: NH.) = 6.9. Acid protone prepared in this manner 
then served as substrate for the protaminase, and made possible, 
after the previous removal of erepsin and carboxypolypeptidase, 
the quantitative determination of this enzyme. 

The possession of this acid protone enabled us to study the 
behavior of protaminase in the presence of enterokinase. Con- 
trary to the findings of Waldschmidt-Leitz and Kofranyi (5), 
protaminase was found to be activated considerably by entero- 
kinase. As is shown in the experimental part, an initial activity 
of protaminase occurred which may be explained by the ineffec- 
tiveness of enterokinase toward protaminase. 

In the mode of action of proteinase and protaminase there is also 
a great difference. Besides the significance of the molecular 
magnitude, the free amino and carboxyl end-groups are of decisive 
importance. While protaminase requires for its activity a free 
carboxyl group, and the amino groups may be substituted, for 
proteinase activity both of these groups are dispensable. Methyl- 
ated, esterified, and benzylidene clupein show no inhibition of the 
influence of proteinase. 
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EXPERIMENTAL 


Method for Isolating Proteinase—100 cc. of glycerol extract of 
dry pig pancreas (1:10) were fully activated overnight by the 
addition of 10 cc. of enterokinase solution. 90 ec. of H,O and 
10 cc. of acetate buffer at pH 3.8 were added. This was adsorbed 
four times with 10 ec. of alumina Cy (400 mg. of Al,O;), resulting 
in the separation of the ereptic enzyme. The supernatant fluid 
after neutralization with y NaOH was again adsorbed seven times 
with 9 cc. of alumina Cy (360 mg. of Al,O;), resulting in the 


Taste I 
Preparation of Enzymatically Pure Proteinase 
3 | Dipepti-| NH: _ | Carboxy- | protami-| Protein- 
2 = = 
| 
2 
ec. | hrs.) cc. | hrs. | cc. | hrs. | ce. | hrs.) ce. | hrs. | cc 
Glycerol extract.......... 0.5} 1) 1.7) 1] 1.5) 1/0.9 0.33) 2.3 
After adsorption with 
Alumina Cy, pH 3.8..... 0.5} 20) 0.0; 20 | 0.0) 0.7 10.33) 2.0 
1.0 20 | 0.0) 1.6 
2.0 20/0.0 |0.33| 0.8 


+ Determination by Waldschmidt-Leitz, Balls, and Waldschmidt-Graser 


(7). 
t Determination by Waldschmidt-Leitz and Purr (3). 


t Determination described in the present paper. 
§ Determination by Willstatter and Waldschmidt-Leitz (8). 


removal of the carboxypolypeptidase. The protaminase still 
found in the supernatant fluid was separated by adsorbing seven 
times with 10 cc. of alumina A (380 mg. of Al,O;). There now 
remained in the supernatant fluid only proteinase. Ice was used 
for cooling throughout the experiment. The figures given in 
Table I show the effect of enzyme solutions at 30°. The calcula- 
tions were made in cc. of 0.2 n COOH or NH; respectively. 
Simplified Preparation of Proteinase—The method just described 
can be shortened by omitting the adsorption with alumina Cy 
at pH 7, because protaminase and carboxypolypeptidase are 
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already removed by adsorption with alumina A at pH 7, as shown 
by the following example. 50 cc. of glycerol extract of dry pig 
pancreas (1:10) were fully activated overnight by the addition 
of 5 ec. of enterokinase solution. 45 cc. of H:O and 5 ce. of acetate 
buffer at pH 3.8 were added. This was adsorbed four times with 
5 ce. of alumina Cy (200 mg. of Al,O;). After neutralization, 
the supernatant fluid was adsorbed seven times with 5 cc. of 
alumina A (190 mg. of Al,O;) at pH 7. The enzyme solution thus 
obtained was free from the ereptic enzymes, from carboxypoly- 
peptidase, and from protaminase, and contained only the pro- 
teinase. The figures given in Table II show the effect of enzyme 
solutions at 30°. The calculations were made in ce. of 0.2 n COOH 
or NH, respectively. 


IT 
Simplified Preparation of Proteinase 


Di NHe} Carboxy- Pretami-| Peretein- 
o x = = = = 
Z Zz ‘ Z | 2 Zz 
ec. | hrs.) ce. | hrs. | ce hrs. | ce. | hrs.) cc hrs. | ec. 
Glycerol extract.......... 0.5} 1) 1.2} 1] 1.0) 1 (0.70 0.33) 2.5 
After adsorption with 
Alumina Cy, pH 3.8... ./0.5) 20) 0.0) 20 | 0.0) 1 |0.60 0.33) 2.1 
21 0.0 | 22; 0.00.33) 1.5 


Determinations as shown in Table I. 


Quantitative Determination of Protaminase 


Preparation of Acid Protone As Substrate for Protaminase— 
5 gm. of clupein sulfate were hydrolyzed with 100 ce. of 10 per cent 
sulfuric acid in a boiling water bath, with a condenser. At 
definite intervals tests were made after cooling quickly and 
neutralizing with NaOH. Enough acid protone was added to 
make 20 mg. of N, (0.1 gm. of acid protone). An enzyme solution, 
containing only proteinase and protaminase, was used (prepared 
by adsorbing at pH 3.8 with alumina Cy and, after neutralization, 
again adsorbing with alumina Cy). The combined influence of 
both enzymes was measured at each test, and by adding albumin, 
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which is a specific inhibitor for proteinase, it was possible to 
measure the influence of protaminase and compare it with the 
combined influence. The point at which the splitting with and 
without inhibition (albumin) was the same was used as indication 
that all the bonds capable of being split by proteinase had 
disappeared. This is shown by the following example. To 1 cc. 


III 
Effect of Proteinase and Protaminase on Hydrolysis Products of Clupein 
Sulfate 
Ne increase 
Time of acid hydrolysis 
Without albumin With albumin 
hrs. ce. ce. 
1.5 33 0.6 
2.0 1.1 0.9 
2.5 1.0 1.0 
3.0 0.6 0.6 
Tasie IV 
Rate of Reaction of Protaminase with Acid Protone 
Time increase 
0 0 
0.5 0.9 
1.0 1.3 
2.0 2.0 
3.0 2.2 
4.0 2.2 


of enzyme solution was added 0.1 gm. of acid protone (20 mg. of 
N,) at pH 8 or 20 mg. of egg albumin. The total reaction volume 
was 10 ce.; the enzyme reaction time, 1 hour. The determination 
was carried out according to the Van Slyke method. The figures 
indicate the cc. of Nz at 20°; pressure, 740mm. The optimum time 
of hydrolysis was 2.5 hours; further hydrolysis, as the figures in 
Table III show, diminished the amount of splitting by the pro- 
taminase. For a more exact description of the end-point in acid 
hydrolysis, the quotient of total nitrogen to amino nitrogen was 
measured. It was found to be N.:NH: = 6.9. This definite 
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step in the decomposition can easily be reproduced, and by follow- 
ing exactly the instructions very definite results were also obtained 
by further repetitions; for example, 6.9, 6.93, 6.8. 

Rate of Reaction of Protaminase with Acid Protone—0.7 gm. of 
acid protone (containing 140 mg. of N2) was decomposed by 5 ce. 
of purified protaminase solution. The total volume was 35 cc., 
the pH 8, and the temperature 30°. The determination was 
carried out according to the Van Slyke method. The figures in 
Table IV indicate the cc. of Nz at 20°; pressure, 741 mm. For 
one determination 5 cc. were used, containing 0.1 gm. of acid 
protone. 

Quantitative Determination of Protaminase with Acid Protone— 
As can be seen from the rate of reaction, it was necessary, as for 


TABLE V 
Relation between Quantiiy of Enzyme and Degree of Splitting 
Quantity of enzyme | Nz increase (1 hr.) 
ce. ce. 
0.25 0.5 
0.5 0.9 
1.0 1.45 
1.5 1.8 
2.0 2.05 
2.5 2.15 
3.0 2.15 


example in the determination of trypsin (8), to establish the 
relation between the quantity of protaminase and the degree of 
splitting (see Table V). A protaminase unit was taken as the 
quantity of enzyme which resulted after 1 hour, with 0.1 gm. of 
acid protone at pH 8, at 30°, and a total volume of 10 cc., in 
splitting 1 ec. of N, measured according to the Van Slyke method 
(20°, pressure 740 mm.). As Fig. 1 shows, it is advantageous to 
use the curve only up to the 3rd unit. 

Influence of Enterokinase upon Protaminase—Fresh glycerol 
extract from dry pig pancreas was freed from the ereptic enzymes 
and carboxypolypeptidase. A purified (protaminase-free) entero- 
kinase solution was used for activation. For one determination 
3 ec. of protaminase solution were used, and for activation 0.3 ce. 
of purified enterokinase was used. The influence of protaminase 
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was measured on 0.1 gm. of acid protone at pH 8 at 30°. A pro- 
taminase solution was also prepared from an older glycerol extract, 
for comparison. The figures in Table VI indicate N; in cc. The 
determinations were carried out according to the Van Slyke 
method at 21°; pressure, 742 mm. As the results show, pro- 
taminase is activated by enterokinase. Old glycerol extracts 


| 05 | 
j 3 5 
———- PROTAMINASE UNITS 


Fia. 1. The relation between the quantity of protaminase and the degree 
of splitting. 
VI 
Influence of Enterokinase upon Protaminase 


Enzyme solution Ne in 
cc. 


undergo initial activation. The indifference of protaminase 
toward enterokinase, found by Waldschmidt-Leitz and Kofranyi, 
may be explained either by this fact or by the use, by these authors, 
of the substrate prepared according to the method of Goto (9). 
Contribution Concerning Specificity of Proteinase and Protaminase 
—Hydrolysis of the substrate, at 30°, was continued until the 
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cessation of the enzyme influence, as shown by the failure to obtain 
further activity upon addition of more enzyme. The activity of 
both enzymes was measured by the increase in the cc. of 0.2 N 
NH; obtained from 0.2 gm. of substrate (see Table VII). 


Tasie VII 
Specificity of Proteinase and Protaminase 


NH? increase 
Substrate 


Proteinase Protaminase 


cee. ce. 
1.38 
1.24 0.60 


Benzylidene 


* Figures obtained from the work of Waldschmidt-Leitz and coworkers 
(1). 

+1 gm. of clupein sulfate was suspended in 20 ec. of absolute methyl 
aleohol, and during continuous stirring and cooling by ice, dry HCl gas 
bubbled through until all was dissolved, then precipitated by ether, and 
dried. The quotient, N2:NHb, fell from 104 to 32.6. 

¢ To 1 gm. of clupein sulfate dissolved in 40 cc. of water were added, 
during constant shaking and cooling by water, 2.4 gm. of NaOH and 6 gm. 
of dimethyl sulfate. This was allowed to stand 1 hour, was neutralized 
and precipitated with alcohol, and dried. The quotient, N.: NH, increased 
from 104 without limit, indicating that all of the free amino groups were 
methylated. 

§ According to the method of Bergmann and Zervas (10), to 1 gm. of 
clupein sulfate dissolved in 20 cc. of water was added benzaldehyde to 
excess at pH 9. This was shaken for 2 hours at 0° and freed from benzalde- 
hyde by precipitation with alcohol. The quotient, N2:NH2, increased 
from 104 to 197. 


SUMMARY 


A method is given for the preparation of enzymatically pure 
proteinase. 

For the quantitative determination of protaminase, a substrate 
and its preparation are described. 

Protaminase is activated by enterokinase. 

Proteinase requires no free amino or carboxyl groups for its 
activity. The substitution of these two groups shows no inhibition 
of the activity of proteinase. 
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Despite a large amount of investigative work which has been 
carried out, there is still no unanimity with respect to the question 
as to whether the combination which takes place between proteins 
and acids and bases is chemical in nature, as evidenced by a stoi- 
chiometric relationship, or whether the phenomenon is one of 
adsorption, or both. The literature is large and need not be re- 
viewed here (1). In recent times, Bancroft and his coworkers 
(2-8) have attempted to throw light upon this subject by treating 
proteins and other compounds in the solid state with a gaseous 
acid or base, noting after each addition of titrating agent the pres- 
sure of gas in the system. The conditions of the experiment were 
such that the phase rule could be applied to differentiate between 
adsorption and chemical combination. If the combination be- 
tween protein and gas be a chemical one resulting, in the case of 
hydrogen chloride, in the formation of solid protein hydrochloride, 
the pressure in the system will remain constant until all of the 
protein is converted into protein hydrochloride, after which a sharp 
change in pressure will occur. If, on the other hand, the gas is 
adsorbed by the protein, a smooth curve characteristic of adsorp- 
tion will be obtained. This method of differentiating chemical 
combination from adsorption is an ingenious one. In eliminating 
the solution phase, the usual difficulties inherent in carrying out 
measurements in aqueous solution are eliminated. Water is not 
a factor which influences the equilibrium. 


* Aided by grants from The Chemical Foundation, Inc., and the Research 
Board of the University of California. 
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Bancroft and Barnett (2) concluded from their data that casein, 
zein, arachin, fibrin, and gliadin adsorb ammonia but do not form 
chemical compounds. On the other hand, they consider that 
casein, arachin, fibrin, gliadin, and edestin, but not zein, form 
definite compounds with hydrogen chloride. They believe that 
the curve which they obtained when zein was titrated with hydro- 
gen chloride is characteristic of adsorption. Bancroft and Barnett 
(5) state that, “Since the peptide linkage, —CO-NH—., always 
adds on hydrogen chloride stoichiometrically when there are no 
disturbing factors, we can apparently say that there are no pep- 
tide linkages in zein within the present limits of error of our knowl- 
edge. On the other hand, we are not in sight of an explanation 
why zein should take up no hydrogen chloride stoichiometrically.”’ 
It will be shown later in this paper that zein does combine stoi- 
chiometrically with hydrogen chloride, although the amount of 
hydrogen chloride which zein takes up is not large. It will like- 
wise be shown that proteins react stoichiometrically with ammonia 
gas, the amount of gas which is taken up depending on the pres- 
ence of certain groups in the protein molecule. The technique em- 
ployed was essentially that which has been described by Bancroft 
and Barnett (2), Belden (7), and Czarnetzky and Schmidt (9). 

Since some of the inconsistent data which have been reported in 
the literature which deals with amino acids and proteins can be 
attributed to the use of impure preparations, special care was taken 
in the present investigation to work with as highly purified sub- 
stances as possible. The amino acids were twice recrystallized 
from conductivity water. Their nitrogen content corresponded 
closely with the theoretical. Glutamic acid, aspartic acid, leucine, 
norleucine, tyrosine, diiodotyrosine, cystine, proline, hydroxypro- 
line, and tryptophane were natural, optically active preparations; 
while valine, isoserine, a-aminocaprylic acid, a-aminobutyric acid, 
alanine, norvaline, serine, isoleucine, phenylalanine, and methio- 
nine were synthetic products. Optically active histidine, argi- 
nine, and lysine were prepared from the dichlorides by treating 
them with silver carbonate and decomposing the resulting car- 
bonates at 100° in vacuo over sodium hydroxide. Alanylproline 
and aspartyltyrosine were obtained from Professor Max Berg- 
mann at Dresden. Casein was prepared by the method which has 
been described by Greenberg and Schmidt (10). The ash content 
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was 0.25 per cent. The dephosphorized casein was the same 
preparation as was used by Miyamoto and Schmidt (11). Gelatin 
and deaminized gelatin were prepared according to the method of 
Hitcheock (12). The ash content of each preparation was 0.04 
per cent. La Rosa’s (13) method was employed for the prepara- 
tion of egg albumin. The product was subjected to electrodialy- 
sis. It was essentially ash-free. Hemoglobin and globin were 
prepared according to Anson and Mirsky (14). Both products 
were denatured during drying. Zein was kindly supplied by Dr. 
H. B. Vickery. It was the same preparation which was used by 
Folin and Marenzi (15) for estimating the cystine content. The 
salmine sulfate was obtained from Professor Edlbacher. It was 
converted into the free base by treating with barium hydroxide 
in an atmosphere of nitrogen. To facilitate combination with 
the gaseous acid or base, the proteins and amino acids were ground 
to a fine powder and passed through a 100 mesh screen. In the 
case of certain of the proteins this was accomplished by treating 
with liquid air and grinding in a mortar. With the exception 
of the hexone bases, the amino acids were reduced to the desired 
degree of fineness by treatment with carbon dioxide snow and sub- 
sequent desiccation over sodium hydroxide in vacuo. The pro- 
teins were dried over phosphorus pentoxide at 25° for a period of 
3 weeks. The amino acids were similarly desiccated but for a 
shorter period. 

The gaseous acids and bases were prepared according to well 
known methods. The hydrogen chloride and carbon dioxide were 
dried by passing them through concentrated sulfuric acid. The 
ammonia was passed through a tube containing metallic sodium. 
The hydrogen sulfide was passed over granular iodine, then through 
water, and finally through concentrated sulfuric acid. The 
apparatus was kept in an air bath which was maintained within 
+0.25°. Contact between solid and gas was facilitated by means 
of a relay whereby a slight agitation of the flask containing the 
substance under test was secured. For the purpose of the present 
experiments the pressure was considered constant when there was 
no apparent change within 24 hours. Deviations from the perfect 
gas laws were calculated from data supplied by the “International 
critical tables” (16). According to the phase rule, an abrupt 
break in the curve obtained by plotting the partial pressure against 
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the volume of gas added should take place when the stoichiometric 
relations between the reacting components had been satisfied. 
The end-point of the stoichiometric reaction was taken as the 
point of intersection of the straight line curve parallel to the hori- 
zontal axis and the curve representing the addition of an excess of 
the titrating agent. In those cases in which no combination was 
considered to have taken place between solid and gas, it is possible 
that either the rate of reaction was so slow that combination 
could not be detected within the time allowed for equilibrium, or 
the dissociation pressure of the compound was equal to or greater 
than 1 atmosphere. It is possible that in such instances reactions 
may take place when the pressure is greater than 1 atmosphere or 
the temperature is below 2.5°. 

In order to titrate the solid proteins with ammonia gas and the 
basic amino acids with carbon dioxide, it was necessary that 
equivalent amounts of gas and water vapor be present in the reac- 
tion mixture. In the other cases a small amount of water vapor, 
usually a pressure of 1 mm., was added in order to accelerate the 
rate of reaction. For the purpose of supplying the necessary 
amount of water vapor, Na,SO,-10H,O was added in considerable 
excess in an arm of the reacting system. The use of this sub- 
stance did not invalidate the phase rule relations, as Dalton’s law 
could be applied and the partial pressure of the water vapor could 
be subtracted from the total pressure in the system. The phase 
rule equation was again balanced as another component was added 
and also another phase. Loss of some water from Na,SO,-10H.O, 
provided that an excess of the latter substance is always present, 
involves no change in vapor pressure. A correction for the partial 
pressure of the water vapor was applied in estimating the dissocia- 
tion pressure of the compound which was formed between the solid 
and the gas. For the purpose of obtaining values for AH, AF, and 
AS the gaseous titrations of the amino acids were carried out at 
2.5°, 25°, and 40°. The terminology employed and the method 
used in calculating values for the thermodynamic constants were 
the same as those which have been stated by Czarnetzky and 
Schmidt (9). 

The thermodynamic constants were calculated for 25°. The 
data given in this paper permit the calculation of constants at 
other temperatures. The values for AH given in Tables I to III 
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are not strictly accurate, owing to the fact that they have not been 
corrected for changes in heat capacity, AC,. If more accurate 
values are desired they may be obtained with the aid of the follow- 
ing equations. 


AF°/T = (AH°/T) — AC, In 
AC, = (6AH°/8T), (2). 
> = (AF°/T) + AC, In T = (AH°/T) + 1 (3) 


A close approximation for the AC, values may be obtained by 
assuming the difference in the heat capacity of the ammonium salt 
of the amino acid and the amino acid to be the same as the extrap- 
olated value of the solid ammonia. Similarly in the case of the 
hydrochlorides of the amino acids, the difference in the heat 
capacity of the amino acid hydrochloride and the amino acid may 
be taken as equal to the extrapolated value of solid hydrogen 
chloride. If the values for = are plotted against 1/7’, a straight 
line should be obtained, the slope of which is equal to AH°. The 
term, J, which is an integration constant, is obtained by subtract- 
ing the values of AH°/T from the values for = for each temperature. 
The average value thus obtained is taken as the value for 7. The 
use of the above equations is fully discussed in other connections 
by Randall, Nielson, and West (17). In the case of the proteins, 
thermodynamic data were not calculated, owing to a greater error 
inherent in measuring dissociation pressures. 

The dissociation pressures and the thermodyamic data of the 
compounds which are formed when the amino acids were treated 
with ammonia are given in Table I, and similar data for the com- 
pounds which the amino acids form with hydrogen chloride are 
givenin Table II. The dissociation pressures of the acid ammo- 
nium salts of the two dicarboxylic amino acids are of the same order 
as that of the ammonium salt of a fatty acid, indicating that the 
combination between the ammonia and the amino acid takes place 
with the distal carboxyl group first. The dissociation pressures 
of the compounds which are formed when the second carboxyl 
groups have reacted are of the same magnitude as those of the 
monoaminomonocarboxylic acids. 

With the following exceptions, the number of equivalents of HCl 
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with which a substance combined was determined by the number 
of equivalents of aliphatic NH, in the molecule. The exceptions 
were arginine, histidine,! and tryptophane, which combined with 


I 
Dissociation Constants and Thermodynamic Data of Amino Acids at 25° 
Amino acid-NH;(s) = amino acid (s) + NH;(g). 


Dissociation 

4 | 25° | 25° | ao 
mm. mm mm. 
9.69/1.876| 6680, 2560) 13.89) 4.30)10.05 17.40 
a-Aminobutyric acid....... 9.60/1.873) 6770; 2560) 14.12) 4.25/10. 15)17.65 
a-Aminocaprylic 1.722) 7000) 2350) 15.60) 6.30)14. 45/25.40 
3.70|2.449| 2840| 3340|—1.68| 1.75] 2.70) 3.40 
7.48)1.980) 7280) 2700) 15.36) 3.10) 7.95)14.35 
Diiodotyrosine............. 6.48'2.039| 6820) 2780) 13.55; 2.40} 6.95)12.05 
4. 25/2. 602} 3630) 3550} 0.27) 1.20] 1.90) 2.55 
9.601.860} 6780) 2530) 14.25) 4.15/10.45)18.10 

Hydroxyproline............ 9.73/2.152| 6140) 2940) 10.73) 2.30) 5.35) 8.85 
Isoleucine..................| 9.68)1.877| 6800) 2560) 14.22) 3.95)10.10)17.55 
Isoserine...................| 9.27/1.907| 7190} 2600) 15.39) 3.75) 9.40)16.95 
Leucine....................| 9.60/1.900) 7050) 2590} 14.96) 3.85) 9.55)16.95 
Methionine................ 9.21/1.893) 7020; 2580) 14.89) 3.80) 9.70)17.15 
Norleucine.................| 9.76|1.867| 7140} 2550) 15.39) 4.00)10.30/18.40 
9.72|1.870| 7170) 2550) 15.50) 3.90)10.25)18.35 
Phenylalanine.............. 9.23/1.910) 7220; 2600) 15.50) 3.70) 9.35/16.80 
10.60'2.046) 5120) 2790) 7.82) 0.95) 6.85/13.00 
9.151.903) 7140} 2600) 15.23) 3.80) 9.50/16.95 
Tryptophane............... 9.391.854) 6770) 2530) 14.22) 3.75)10.65/18.40 
9.18)1.830) 7110) 2500) 15.46) 3.30)11.30|20.00 
9.62)1.870) 7170) 2550) 15.10) 3.90)10.30)18.35 


. The values for pK’, were taken from the table published by Miyamoto 
and Schmidt (18). 


2, 3, and 2 equivalents respectively. The dissociation pressures 
of arginine, histidine, and lysine hydrochlorides were too low for 
accurate determination. These three amino acids combined with 


1 There is no evidence that histidine forms a trichloride in aqueous solu- 
tion (19). 
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only 1 equivalent of CO, or of H,S. Although the amide N of 
glycine anhydride, of asparagine, and of the simple peptides did 
not react with HCl, it is interesting that the peptide linkage in 


TaBLe II 
Dissociation Constants and Thermodynamic Data of Amino Acids at 25° 
Amino acid-HCl(s) = amino acid (s) + HCl(g). 


Dissociation 
25° | 40° 

mm, mm, 
11. 66/2. 456) 2900) 3350 2.65) 3.35 
a-Aminobutyric acid....... 11. 45/2. 466! 2930) 3370 2.60) 3.30 
a-Aminocaprylic ....... 2.418} 2840) 3300 2.90) 3.65 
Aspartic acid.............. 12.00/2.017| 6540} 2750 7.30)12.40 
12.33/2.611) 3720) 3560 1.85} 2.50 
Diiodotyrosinef............/11.88 
Glutamic acid.............. 11.85/1.957| 7880} 2670 8.40}15.90 
11. 66/2.500} 2760} 3410 2.40} 3.00 
Hydroxyproline............ 12.08/2. 580} 2270) 3520 2.00} 2.40 
Isoleucine..................|11.64/2.440} 2900} 3330 2.75) 3.45 
11. 22/2. 212) 2840} 3020 4.65) 5.85 
11. 64/2. 450} 2840) 3340 2.70) 3.40 
11.72/2.450} 2840) 3340 2.70} 3.40 
11.61|2. 440} 2820) 3330 2.75) 3.45 
11. 64/2. 446) 2960) 3340 2.60} 3.30 
Phenylalanine..............|11.42|2.448} 2840) 3340 2.70| 3.40 
12.00|2.556] 3550) 3490 2.10} 2.80 
11.79|2.236} 2300} 3050 4.40} 5.30 
Tryptophanef.............. 11. 66/2. 560} 6450) 3490 2.10} 2.80 
11.76|2. 473} 2990) 3380 2.55) 3.25 
11. 68/2. 446} 2930} 3340 2.60} 3.30 


* The values for pK’, were taken from the table published by Miyamoto 


and Schmidt (18). 
{ Splits off iodine when treated with HCl. 
t The second dissociation constant is identical with the first. 


alanylproline? did bind HCl. Finally, cystine and glutathione 
combined with only 1 equivalent per molecule. Diiodotyrosine 
decomposed. Indole combined with 1 equivalent of hydrogen 


2 Greenstein (20) showed that in aqueous solution alanylproline combines 
with 1 equivalent of acid and base respectively. 


XUM 


308 Amino Acids and Proteins 


chloride. With the following exceptions, the number of NH; 
equivalents with which a compound combined corresponded to the 
number of COOH groups in the molecule. The exceptions were 
arginine, histidine, lysine, and the two simple peptides which did 
not react with NH; and glutathione which decomposed. 

The basic amino acids combined with 1 mole of carbon di-. 
oxide and 1 mole of water, indicating that the respective bicar- 
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= 
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i) 50 100 150 200 250 
c.c. H,S, HCl, or CO, 

Fig. 1. Gasometric titration curves showing combination of the basic 
amino acids with hydrogen chloride, carbon dioxide, and hydrogen sulfide. 
Curve 1 shows 1 gm. of histidine with hydrogen sulfide; Curve 2, 1 gm. of 
arginine with hydrogen sulfide; Curve 3, 1 gm. of arginine with carbon 
dioxide; Curve 4, 1 gm. of lysine with hydrogen sulfide; Curve 5, 1 gm. of 
histidine with hydrogen chloride. The compound which histidine forms 
with hydrogen sulfide has a dissociation pressure of 35.55 mm. The abso- 
lute values on the horizontal portion of Curves 3 and 5 on account of the 
low pressures are not very accurate. 


bonates were formed. They have apparently not hitherto been 
described. On account of their instability, it was found impossible 
to crystallize these compounds from aqueous solutions. It was 
found that the hexone bases could be differentiated by treating 
them with hydrogen sulfide in the dry state. The titration curves 
of these amino acids with hydrogen sulfide, together with the 
titration curve of arginine with carbon dioxide and of histidine 
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with hydrogen chloride, are graphically represented in Fig. 1. 
The thermodynamic data relating to the compounds which are 


(1s) 


w 
o 


(") 42) 


(2) 


/ (14) 


— 


Partial Pressure NH, or HCI(mm) 


c.c. NH, or HCl 


Fia. 2. Gasometric titration curves showing combination of certain pro- 
teins with ammonia or hydrogen chloride. Curve 1 shows 1 gm. of globin 
with ammonia; Curve 2, 1 gm. of edestin with ammonia; Curve 3, 1 gm. 
of hemoglobin with ammonia; Curve 4, 1 gm. of zein with hydrogen 
chloride; Curve 5, 1 gm. of zein with ammonia; Curve 6, 1 gm. of gelatin 
with ammonia; Curve 7, 0.5 gm. of hemoglobin with ammonia; Curve 8, 1 
gm. of crystalline egg albumin with ammonia; Curve 9, 1 gm. of edestin with 
hydrogen chloride; Curve 10, 1 gm. of crystalline egg albumin with hydro- 
gen chloride; Curve 11, 1 gm. of globin with hydrogen chloride; Curve 12, 
1 gm. of casein with ammonia; Curve 13, 1 gm. of casein with hydrogen 
chloride; Curve 14, 0.5 gm. of salmine with hydrogen chloride; Curve 15, 1 
gm. of gelatin with hydrogen chloride; Curve 16, 1 gm. of gelatin with hy- 
drogen chloride (reverse titration with the same sample which was used for 
Curve 15). This reverse titration was made by withdrawing known 
amounts of hydrochloric acid gas from the system, and plotting the changes 
in pressure against the number of cc. of the gas withdrawn. Curves 15 
and 16 meet at a pressure of 200mm. A reverse titration serves as a check 
on the forward titration. 


formed between the hexone bases and hydrogen sulfide are given 
in Table III. 


me ey, 
0 15 30 45 60 7s 
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It is unnecessary here to discuss the thermodynamic data relat- 
ing to the amino acids. They are of the same type as have been 
previously published by Czarnetzky and Schmidt (9). The pres- 
ent data lend further support to their hypothesis that the amino 
acids when in the dry state exist almost wholly as zwitter ions. 

From the foregoing experiments it is evident that of the various 
groups which are present in the protein molecule, the following 
might be expected to react with hydrogen chloride; viz., the 2 
nitrogen atoms in the imidazole ring of histidine, the « group of 
lysine, the guanidine ring of arginine, the imino nitrogen of tryp- 


Taste III 
Titration of Basic Amino Acids with Hydrogen Sulfide Gas 
Amino acid-H,S(s) = amino acid (s) + H,S(g). 


» Dissociation 

mm. mm, ry 

Arginine........ 9.70)11.83) 9.0 |1.842) 2270) 2510|—0.80) 7.85/11.00)13.35 
5.70 

Histidine....... 9.41)12.52) 7.75)1.332| 1140) 1820) —2. 28/20. 25/35.55/39.05 
7.92 

Lysine......... ./10.52/12.00| 9.9 |2.405) 1000) 3280)—7.31) 2.65) 3.00) 3.25 
4.70 


* The values for pK’, and pK’, were taken from the table published by 
Miyamoto and Schmidt (18). 


tophane, and the nitrogen atoms of proline and hydroxypro- 
line (since they are probably present in the protein molecule as 
—CON— groups). Similarly, it would be expected that gaseous 
ammonia would combine with the free carboxyl groups of the di- 
carboxylic amino acids (computed on the basis that each dicar- 
boxylic amino acid yields a free carboxyl group less those which are 
present as acid amide groups) and the carboxyl group of any ter- 
minal amino acid except glycine. However, since probably most 
of the free carboxyl groups in the native protein molecule are de- 
rived from the dicarboxylic amino acids, the latter group can be 
neglected in most calculations. 

The experiments which were carried out with a number of pro- 
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teins tend to confirm the expectations. The titration curves of the 
various proteins with gaseous ammonia and hydrogén chloride are 
graphically shown in Figs. 2and3. The maximum acid- and base- 
combining power of each of these proteins as determined from the 
gas titration curves, together with data obtained by other workers 
according to the methods stated, is given in Table IV. Some 
difference between the combining capacity of certain proteins for 
gaseous ammonia and the amount of base with which they com- 


All curves continue 
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Fig. 3. Gasometric titration curves showing combination of certain 
proteins with ammonia or hydrogen chloride. Curve 1 shows 1 gm. of de- 
gummed silk fibroin with hydrogen chloride; Curve 2, 1 gm. of degummed 
silk fibroin with ammonia; Curve 3, 1 gm. of deaminized gelatin with am- 
monia; Curve 4, 0.5 gm. of deaminized gelatin with hydrogen chloride; 
Curve 5, 1 gm. of dephosphorized casein with ammonia; Curve 6, 1 gm. 
of dephosphorized casein with hydrogen chloride. 


bine in aqueous solution is to be expected since, as has been shown 
in the case of tyrosine, the hydroxyphenyl group does not combine 
with gaseous ammonia, but does combine with base in aqueous 
solution. There is a considerable difference in the combining 
capacities of the proteins listed in Table IV for hydrogen chloride 
and the amount of acid with which they can combine in aqueous 
solution. This is due to the fact that more groups react with hy- 
drogen chloride when the protein is in the solid state than when 
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TaBLe IV 
Acid- and Base-Combining Power of Certain Proteins 
Protein Acid-bound Base-bound Method end 
moles X per gm. 
Casein* , 160 Potentiometric (21) 
100 210 Dye titration (22, 23) 
183 Potentiometric (24) 
60, 76, 90 155, 136, 140 “ (25) 
59, 72 a (25), re- 
calculated values of 
Hitchcock and Loeb 
95 180 Calculatedt 

233 Gas titration (2) 

284 (230)t} 212 present 
work 

197 150 Calculated§ 

Gelatin 103 Dye titration (23) 
; 60 Potentiometric (21) 
92,89,86 56, 57 “ (25), re- 
calculated values of 
Loeb and Hitchcock 
89 75 Conductometric titration 
(26) 
89 Potentiometric (27) 
92 70 es (28) 

107 41 Calculatedt 

302 Gas titration (7) 

342 (306)f 78 present 
work 

317 41 Calculated§ 

Deaminized gel- | 59 Dye titration (23) 
atin 45 Potentiometric (27) 
67 41 Calculatedt 

305 80 Gas titration, present 
work 

276 41 Calculated§ 

Edestin 157 70 Dye titration (22, 23) 
75 Potentiometric (29) 
90 (12) 

127 (25), 
calculated values of Ko- 
dama and of Hitchcock 

133 98 Calculatedt 

164 109 Gas _ titration, present 
work 

210 73 Calculated§ 
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TaBLe 1V—Continued 


— moles X 10- per gm. 
Egg albumin 80 80 Potentiometric (25), re- 
calculated values of 
Hitchcock and of Berg- 
gren 
110 134 Potentiometric (30, 31) 
65 81 Calculatedt 
170 162 Gas titration, present 
work 
113 58 Calculated§, || 
Zein 0 28-31 Potentiometric (25, 33) 
16 61 Calculatedt 
24 56 Gas titration, present work 
100 28 Calculated§ 
Globin (ox)¥ 22 23 Potentiometric (34, 35) 
131 71 Calculatedt 
181 51 Gas titration, present 
work 
243 45 Calculated§ 
Hemoglobin 146 Calculatedt (36) 
(ox), ** 69 69 Potentiometric (31) 
126 68 Calculatedt 
210 48 Gas titration, present 
work 
234 43 Calculated$ 
Salmine 496 Analysis (37) 
502 Calculatedt 
648 Gas titration, present 
work 
597 Calculated§ 
Silk fibroin§ 19 55 7 t 
40 86 Gas titration, present 
work 
33 Calculated§ 
Dephosphorized | 280 (230f) 170 Gas titration, present 
casein§ work 


* The phosphoric acid has not been considered in the calculated values 
of this and other phosphorus-containing proteins. 

+ The calculated values for the acid-combining capacity are based on the 
assumption that arginine, histidine, and lysine each contribute one basic 
group. The calculated amount of base with which the protein should com- 
bine is based on the assumption that glutamic acid, hydroxyglutamic acid, 
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TaBLeE 1V—Concluded 


aspartic acid, and tyrosine each contribute one acid group less the amount 
which is combined as acid amides (based on the amount of ammonia liber- 
ated on hydrolysis). The values are those which might be expected when 
the protein is in aqueous solution. 

t The values given in parentheses have been corrected for increase of amino 
nitrogen due to hydrolysis. When no such figures are given, no apparent 
hydrolysis took place. 

§ The calculated values for the acid-combining capacity are based on the 
assumption that arginine, lysine, proline, oxyproline, and tryptophane each 
contribute one and histidine contributes two basic groups. The calculated 
values for the base-combining capacity are based on the assumption that 
aspartic acid, glutamic acid, and hydroxyglutamic acid each contribute one 
acid group less the amount which is combined as acid amides (based on the 
amount of ammonia liberated on hydrolysis). The values are those which 
might be expected when the solid protein is treated with hydrogen chloride 
or ammonia gas. 

|| On the basis of the analyses published by Calvery (32), the calculated 
combining power of egg albumin for acids is 146 K 10~° and for bases 67 X 
10-5 moles per gm. of protein. 

§ Since the analytical values for the content of amino acids are incom- 
plete or not very reliable, the calculated values are necessarily not very 


reliable. 
** The calculated values for hemoglobin are based on the content of 


globin which constitutes about 96 per cent of the hemoglobin molecule (31). 


it is in solution. In most instances, the agreement between the 
calculated amounts of gaseous acid and base with which the pro- 
teins listed in Table IV should combine and those which were 
determined is fairly satisfactory. The figures are of the same 
order of magnitude. It was found in certain instances that a small 
amount of hydrolysis occurred when the proteins were titrated 
with hydrogen chloride, but not when they were treated with 
ammonia. An allowance has been made in the acid-combining 
capacity of the proteins for the amino groups thus set free. Un- 
less otherwise stated, the data for the amino acid content of the 
proteins used in the present experiments were taken from Cohn’s 
(36) compilation. It should be borne in mind that the amount of 
acid or of base with which a particular protein would be expected 
to combine is subject to the analytical errors involved in estimating 
the amino acid content (which judging from the analyses reported 
on certain proteins are large) as well as the purity and homogeneity 
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of the preparations subjected to analyses. It is to be expected 
that the agreement between the calculated amounts of hydrogen 
chloride with which proteins in the dry state should combine and 
that which was experimentally determined should be less good 
than the agreement between the calculated and the determined 
amounts of acid with which proteins combine when in solution 
since the former calculation takes into account the content of 
tryptophane, proline, and oxyproline. The analytical data for 
these amino acids are probably in most instances not very accurate. 

It is important to note that all of the curves given in Figs. 2 
and 3 indicate that the combination between hydrogen chloride or 
ammonia and the proteins is chemical in nature and takes place in 
stoichiometric proportions. Contrary to the conclusions of Ban- 
croft and Barnett (2, 5), the combination between zein and hydro- 
gen chloride (Fig. 2) is a chemical one. The amount of hydrogen 
chloride with which zein combines is, as would be expected, small 
since this protein apparently contains no lysine and oxyproline 
and only minimal quantities of arginine, histidine, and trypto- 
phane. The proline content is about 9 per cent. The figures 
given in Table IV seemingly indicate that not all of the —CON— 
groups in zein react with hydrogen chloride. The titration curve 
of gelatin with ammonia (Fig. 2) indicates, contrary to the state- 
ment of Belden (7), that ammonia combines stoichiometrically 
with gelatin. It will be noted that beyond the region of the am- 
monia or hydrogen chloride-protein titration curves where chemi- 
cal combination has taken place, the curves are generally not, as 
might be expected, straight lines. This is probably due to the 
fact that the relation between the solid phase and the gas is some- 
what analogous to that which exists between other solids having 
large surfaces and certain gases. On the basis of the present ex- 
periments, no evidence has been found to support the statement of 
Bancroft and Barnett (5) quoted earlier in this paper that the 
peptide linkage, —CO-NH—, always adds on hydrogen chloride 
stoichiometrically. It is possible that if the pressure of hydrogen 
chloride were sufficiently great, these groups might react with 
hydrogen chloride. The present experiments and apparently those 
cited by Bancroft and Barnett were carried out with presssures 
of 1 atmosphere or less. 


| 
| 
| 
| 
iM 
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SUMMARY 


1. On the basis of gasometric titrations which have been carried 
out on many of the amino acids, on certain proteins, and on cer- 
tain related compounds in the solid state, the combining capacities 
of these substances for certain acids and bases have been deter- 
mined. 

2. Comparisons have been made on the basis of the amino acid 
content of the proteins between the expected amounts of acid and 
of base with which certain proteins should combine and those 
which have been determined experimentally. A difference is 
noted between the groups which combine with hydrogen chloride 
and with ammonia when the protein is in the solid state and those 
which combine with acids and with bases when the protein is in 
solution. 

3. It was found possible to correlate roughly the combining 
capacities of certain proteins in the dry state for ammonia with 
the content of free carboxyl groups. The combining capacities 
of certain proteins for hydrogen chloride are approximately deter- 
mined by the content of eamino nitrogen of lysine, the imino ni- 
trogen of tryptophane, the guanidine group of arginine, the ter- 
tiary and imino nitrogen groups of histidine, and the tertiary nitro- 
gen of the —CON— groups (based on the content of proline and 
hydroxyproline). 

4. On the basis of the phase rule diagrams, it is concluded that 
the combinations between the solid proteins cited and hydrogen 
chloride as well as ammonia are chemical in nature and within 
certain limits take place in stoichiometric proportions. 

5. The change in heat content with dissociation, the change in 
free energy with dissociation, and the change in entropy with 
dissociation have been calculated for the ammonium and hydrogen 
chloride salts of certain amino acids in the solid state. The disso- 
ciation pressures of these salts have been determined at three 
different temperatures. 

6. Similar data are presented for the compounds formed by 
treating the hexone bases with hydrogen sulfide. 
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STUDIES IN THE PHYSICAL CHEMISTRY OF THE 
PROTEINS 


XI. THE AMPHOTERIC PROPERTIES OF ZEIN 
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BLANCHARD 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 
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The relation between the acid- and base-combining capacities 
of proteins, and the trivalent amino acid that they contain, was 
first demonstrated in 1924. Base-combining capacity depends 
upon the three dicarboxylic amino acids not held in amide linkage, 
and perhaps under certain circumstances upon tyrosine, and acid- 
combining capacity depends upon histidine, arginine, and lysine. 
These relations have since stimulated both physicochemical and 
analytical investigations; the former demonstrating that quite 
different procedures gave roughly comparable estimates of the 
combining capacity of proteins, the latter leading to revised deter- 
minations of the amino acid content of proteins. These investiga- 
tions have, on the whole, tended to remove earlier exceptions to 
the above generalizations. An apparent exception was, however, 
reported by Cohn, Berggren, and Hendry (5), who stated that 
experiments upon solubility and acid-combining capacity indicate 
that zein behaves as though it possessed no basic groups, although 
analyses revealed the presence of both arginine and histidine. The 
analytical results upon the trivalent amino acids of zein due to the 
investigations of Kossel and Kutscher (12), of Osborne and Liddle 
(15), and of Dakin (6), arranged so as to indicate the acid- and 
base-combining capacity to be expected ((3) Table 22) may be 
given in the form shown in Table I. 

The tyrosine content of zein is, as a maximum, 5.9 per cent or 
32.5 X 10-* moles per gm. ((3) Table 19). The hydroxyl groups 
of this-amino acid dissociate only at relatively alkaline reactions. 
319 
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The sum of the hydroxyl and free carboxyl groups is approxi- 
mately 60 X 10-> moles per gm. 

The measurements of Hoffman and Gortner (11) appeared to 
indicate that zein combined with acid and suggested that 
the failure to detect acid-combining capacity in the previous 
experiments from this laboratory might have been due to the in- 
solubility of the protein. Accordingly it seemed desirable to de- 
termine the combining capacity of zein for hydrochloric acid in 
alcoholic solution. Under these circumstances zein is soluble and 
can be studied in various concentrations and at various reactions. 
The measurements carried out over a period of years indicate that 


TaBLe I 
Acid- and Base-Combining Capacity of Trivalent Amino Acids of Zein 
moles moles 
108 tos 
Glutamie acid (a)........... 212.8 | Histidine (e)............... "5.3 
Aspartie acid (b)............ 10.5 
B-Oxyglutamie acid (c).......| 15.3 | Lysine (g).................. 0.0 
Dicarboxylic acids (a + b + Dibasic acids, B* (e + f + 
eee ee 213.7 | Excess acid groups, A~ — 
Free dicarboxylic acids, A~ — 
(a+tb+ce-—d)............ 27.9 | Total free groups, A~ + 
43.7 


zein has a combining capacity of the order demanded by the basic 
amino acids that it contains, and thus remove this exception to the 
law relating behavior to composition. The form of the titration 
curve of zein in 80 per cent alcohol is also reported. 
Acid-Combining Capacity—All measurements were made on the 
cell, H; | HCl + zein in 80 per cent alcohol || saturated KCl || 
0.1 n KCl | HgCl | Hg. Solutions used for the determination of 
maximal acid-combining capacity were equilibrated with hydrogen 
in Clark electrode vessels; those used for the titration curves were 
equilibrated in a bubbling electrode of the Simms type. When 
sufficient acid had been added these results also yielded estimates 
of maximal acid-combining capacity. The bubbling of hydrogen 
through the zein solutions produced very little disturbance. 
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It seemed important to prove that true equilibria were being 
established between the acid and the zein in the alcoholic solutions, 
and that the protein was not hydrolyzing under the conditions of 
the experiment. The measurements given in Table II indicate no 
change in potential in these acid-aleohol solutions over many 
hours. 

In interpreting the data on maximal combining capacity with 
acid, we have assumed that the introduction of zein into a solution 
of hydrochloric acid in 80 per cent alcohol does not alter the liquid 
junction potential, or the activity coefficient of the hydrogen ion. 


TaBLe II 
Acid-Combining Capacity of Zein in 80 Per Cent Alcohol at Various Times 
Zein concentration, 22.54 gm. per liter; HCI, 0.01 m. 


Time of equilibration Electrode 1 Electrode 2 
hrs. pH* 
3 2.551 2.559 
3h 2.550 2.551 
5} 2.554 
23} 2.548 2.550 
2.550 2.550 


* The use of pH as a symbol has been adopted for convenience, and de- 
fined by the equation employed in aqueous solutions. In the case of maxi- 
mal combining capacity, we are not concerned with the pH values, but with 
their difference. In the titration curves, the values of pH have a different 
significance than in water, but may be interpreted by the comparable meas- 
urements in alcohol-water mixtures of Michaelis and Mizutani (13) and 
Edsall and Blanchard (9). 


It follows that if the pH measured in a solution of HCl in 80 per 
cent alcohol is denoted pHo, and that measured in the same concen- 
tration of HCl containing zein, pH., then: 


ApH = pH; — pHo = log (Cn,/Cu,) (1) 


These assumptions rest on the same grounds which have led to 
their previous adoption in connection with aqueous solutions (4, 
10) and appear to be approximately justified for 80 per cent alco- 
holic solutions. Even in water, they certainly do not correspond 
entirely with the facts, and there is good reason to believe that the 
errors involved in their employment are somewhat greater in 80 
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per cent alcohol. ‘This is also indicated by the scatter of the in- 
dividual measurements on any one solution, which is slightly 
greater in the alcoholic solutions. Each point given in Table III 
is the average of from six to eight determinations with at least 


Taste IIT 
Acid-Combining Capacity of Zein in 80 Per Cent Alcohol at 25° 
Zein con- | HCI* con-| of HCl bound 
moles les 
gm. pert. | 10% 
Preparation O} 22.54 3.985 1.317 19.3 16.9 


3.421 0.733 73.9 17.4 


Preparation V| 11.28 


* The apparent pH of HCl in 80 per cent alcohol, as measured in Clark 
electrode vessels in this manner is, on the average, 2.69 for 0.004 m, and 2.33 
for 0.01 m. 

t See note below Table II. 


three different electrodes. The greatest deviation between individ- 
ual measurements in any one series was 0.033 in pH. 

Equation 1 above determines the ratio Cy,/Cy, from the meas- 
ured E.M.F. values.' To calculate the acid bound by the zein, some 
assumption must be made as to the degree of dissociation of the 
hydrochloric acid in these solutions. The simplest assumption 


1 See footnote to Table II. 


18.78 400 
15.02 400 3.231 0.543 114.6 19.0 
11.24 400 3.009 0.325 189.3 18.7 
7.51 400 2.864 0.180 264.2 18.1 
22.54 1000 2.550 0.221 601.3 17.7 
15.02 1000 2.467 0.129 742.9 17.1 
7.51 1000 2.389 0.060 871.1 17.2 
400 3.026 0.312 195.0 18.2 
7.52 400 2.950 0.231 235.0 21.9 
7.52 400 2.917 0.198 253.5 19.5 
15.04 1000 2.483 0.159 693.5 20.4 
7.52 1000 2.411 0.087 | 818.3 24.2 
7.52 1000 2.410 0.084 824.4 23.4 
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is that the acid is completely dissociated, as in water.2 In this 
case Cy, = Cyc, and Cyz is immediately calculated from Equa- 
tion 1. Then Cy, — Cy, gives immediately the acid bound by 
zein, per liter of solution. If only the fraction a of the acid is 
dissociated (but a is the same whether zein is present, or absent), 
then the bound acid would be a(Cy, — Cu,) per liter. In the 
absence of definitive information on this point, we have calculated 
the bound acid on the basis that a is equal to unity, but the results 
are recalculable in terms of any studies of such systems which may 
subsequently be available. The titration curves have been cor- 
rected for the free acid present in a similar manner. 

Preparation O, which had been given us by Dr. Thomas B. 
Osborne, was studied in 1930. In 1931 another preparation, 
V, for which we are indebted to Dr. Vickery of the Connecticut 
Agricultural Experiment Station, was studied. The second prep- 
aration was made from yellow corn and appears to have a slightly 
higher combining capacity for acid,? but except when more than 80 
per cent of the HCl was free, and the accuracy therefore relatively 
low, the acid-combining capacity was never greater than 22 X 
10~* moles per gm. The difference appears to be greater than sys- 
tematic errors, but does not, we believe, demonstrate any signifi- 
cant difference. 

Hoffman and Gortner (11) give the equivalent of HCl bound at 
pH 2.8 as 12 and at pH 2.5 as 20 X 10-* moles per gm., but Ban- 
croft and Ridgway (1) state that with HCl in 95 per cent ethyl 
alcohol, zein showed no compound formation, but considerable 
adsorption. Schmidt has, however, found “that in the dry state 
zein combines with 24 X 10-* moles of gaseous hydrogen chlo- 
ride.’”* 


2 Since this paper was written, the results of Deyrup (8) indicate that HCl 
is completely dissociated even in absolute alcohol, and therefore a fortiori 
in 80 per cent alcohol. See also Murray-Rust and Hartley (14). 

* The base-combining capacity of this preparation in water appears to 
be appreciably higher than that previously reported. This difference is 
not considered in this communication, since the groups dissociating at acid 
reactions, and the acid-combining properties are not involved. An exten- 
sion of the study of base-combining capacity will subsequently be re- 
ported. 

‘Personal communication. See also the article by Czarnetzky and 
Schmidt (Czarnetzky, E. J., and Schmidt, C. L. A., J. Biol. Chem., 106, 
301 (1934)). 
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Apparent Dissociation Constants—The titration curve falls into 
two sharply defined portions. The first extends from the most acid 
solutions studied to approximately pH 8. This portion of the titra- 
tion curve can be accurately described in terms of two constants: 
pK, equal to 5.4, and pK, equal to 6.9 (Fig. 1). Both of these con- 
stants may be assumed to represent dicarboxylic acids. The acid- 
combining group has been put equal to the maximal number of dicar- 
boxylic acids that could be contributing negative charges to the neu- 
tral zwitter ion according to the analytical data. The remainder 
of the dicarboxylic acids appear to combine with base with a mean 


~ 
~ 
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4 5 pH 7 r) 


Fig. 1. Titration of zein in 80 per cent alcohol. See Table I for an ex- 
planation of A~ and A~ — B*. 


dissociation constant in the alcoholic solution of approximately 6.9. 
This group is taken as equal to the quantity (A~ — Bt) in Table I. 
The experimental data could be somewhat better fitted if this quan- 
tity was still further subdivided, but this seems unnecessary at 
the present time. 

Beyond pH 8 there is a zone of small buffering power, but follow- 
ing this there is a second zone in which considerable combination 
with alkali takes place. Measurements upon the different prepara- 
tions do not agree satisfactorily in the alkaline range, which is 
therefore not reported at this time, although this portion of the 
titration curve can be described in terms of a pK value of approxi- 
mately 10.9. 
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The observed pK values in the acid range, expressed on the 
somewhat arbitrary pH scale for 80 per cent alcohol, are markedly 
greater than the values of pK; found for the carboxyl groups of 
proteins titrated in water, which range from 2.8 to 3.7 (10). Here 
pK, = 5.4, pK, = 6.9. The difference, however, is what might 
be expected from the known behavior of amino acids (9) and of 
gelatin (7) in aleohol-water mixtures. (See Table IV.) 

On this basis we should expect pK, for zein in water to lie be- 
tween 3.5 and 4.2, in good agreement with the values found for 
other proteins. The same calculation suggests that pK: in water 


TaBLe LV 


pK Values of Carboxyl Groups of Amino Acids and Proteins in Water and 
Alcohol-Water Mixtures 


Glycine | Alanine Leucine | | Gelatin 
pK 
0 2.42 2.43 2.34 4.44 
60 3.20 3.28 5.71 
80 3.65 3.75 3.83 6.30 
ApK 
35 0.55 
60 0.78 0.85 1.27 1.05 
80 1.23 1.32 1.49 1.86 


would lie between 5.0 and 5.7. Both gelatin and egg albumin 
have groups dissociating in this range (2), which is characteristic 
of the dissociation either of a carboxyl group in the presence of 
other carboxyl groups—as in citric acid—or of the imidazole 
group in histidine. 
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THE EFFECT OF NUTRITIONAL HYPOPROTEINEMIA ON 
THE ELECTROLYTE PATTERN AND CALCIUM 
CONCENTRATION OF SERUM 


By DANIEL C. DARROW anv M. KATHERINE CARY 


(From the Department of Pediatrics, Yale University School of Medicine, 
New Haven) 


(Received for publication, March 1, 1934) 


Previous work (1) showed that when the concentration of plasma 
proteins is reduced by plasmapheresis, the concentration of serum 
protein varied inversely with the chloride and directly with the 
calcium, while no relation could be demonstrated between protein 
and total base or bicarbonate. The experiments were open to the 
serious objection that plasmapheresis involves the injection of a 
solution of sodium chloride as well as repeated bleeding. Hence 
changes in electrolyte were referable to these procedures as well as 
to variations in serum protein concentration. While an attempt 
to control the effect of the injection of physiological saline solution 
was made, the experimental method was not that best adapted to 
a study of the relation of the concentrations of electrolyte and 
serum protein. 

In this paper similar data are presented from dogs in which 
serum protein was lowered by diets deficient in protein. 


Methods 


The chemical data discussed in this paper were obtained from 
venous serum taken about 9 a.m. at approximately weekly inter- 
vals. Two dogs weighing about 8 kilos were fed a diet consisting 
of dextrin, sucrose, vitavose, brewers’ yeast, cod liver oil, and a 
salt mixture.' In Experiment I, the animals were kept on the 
diet till death seemed imminent and were then given the same diet 
except that 20 per cent commercial casein was substituted for the 


1 The added salt of the diet consisted of 2.5 per cent bone ash and 
1.25 per cent salt mixture (Cowgill, G. R., J. Biol. Chem., 56, 725 (1923)). 
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dextrin. This led to prompt recovery. The first diet (No. 29) 
contained less than 0.01 gm. of sodium chloride per day. Experi- 
ment II was carried out on the same dogs after they had received 
a normal diet for 6 months. The diet (No. 31) was the same as 
that used in Experiment I except that about 7 gm. per day of 
sodium chloride were added. The experiment was terminated by 
killing the dogs when death seemed likely to occur in a few days. 
The diets yielded about 5 per cent of the total calories in protein, 
which was derived from the yeast and vitavose. Otherwise the 
diets were considered adequate. The number of calories offered 
was that recommended by Cowgill (2). After about 40 days on 
the low protein diet, some of the food was refused. 

The nutritional aspects will be discussed separately when more 
experiments can be carried out to study this phase. The electro- 
lyte data are presented now, since this phase of the study is not 
connected with the other questions brought up by the experiments. 

The chemical methods are the same as those used previously (1) 
except that sodium (Barber and Kolthoff (3)) and potassium 
(Shohl and Bennett (4)) were determined instead of total base. 
Concentrations are expressed in milli-equivalents per liter esti- 
mated as in the previous study (1). The statistical methods are 
those suggested by Dunn (5). 

The statistical analysis of the data is presented in Table I 
which gives the average values + the standard deviation. In 
Experiment I, sufficient analyses were made on each animal to 
permit averages for each, but in Experiment I], both animals are 
considered together. The values are substantially the same for 
the two experimental periods. In the case of potassium a slight 
variation in technique was thought to be the cause of the higher 
values in Experiment II. 

Chart I shows the distribution of bicarbonate, chloride, and 
sodium as related to protein. All data are grouped together, the 
dogs on the higher sodium chloride intake being represented by 
crosses. No significant correlation is revealed between protein 
and these ions. 

The data were further analyzed to determine whether individual 
experiments revealed correlations that were masked by consider- 
ing data from the different experiments together. In Experiment 
II, a negative correlation between protein and chloride (—0.6 
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Cuart I. The relation of the concentration of serum protein to that of 
serum electrolyte. 


+ 0.14)? was found, but no correlation in the other instances. 
In this same experiment a positive correlation between protein and 
bicarbonate (+ 0.062 + 0.14)? was found. 


2 The figures give the correlation coefficient + the standard deviation of 
the coefficient. 
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These figures were interpreted to indicate no fundamental rela- 
tion between chloride or bicarbonate and protein. Apparently 
some disturbance in the concentration of chloride or bicarbonate 
occurred while the decrease in serum protein was being brought 
about by the low protein diet. Under these circumstances, the 
usual reciprocal relation between bicarbonate and chloride held, 
and no inference concerning the relation of bicarbonate or chloride 
and protein can be made. No other correlations were of a degree 
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Cuart II. The relation of the concentration of serum protein to that 
of serum calcium. 


that could be deemed significant. Chart I is, therefore, regarded 
as representing the distribution of bicarbonate, chloride, and sodi- 
um in relation to protein in dogs with nutritional hypoproteinemia. 

The relation of protein to calcium is represented in Chart II. 
The central line represents the regression equation bounded on 
either side by a line 1 standard deviation distant. The correla- 
tion coefficient of calcium and protein is +0.74. The standard 
deviation of the correlation coefficient is +0.06. The regression 
equation is Ca = 0.467 protein + 2.89. The standard deviation 
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of the slope or regression coefficient is +0.057 and the standard 
deviation of the calcium computed from protein +0.213. Cal- 
cium is expressed in milli-equivalents per liter and protein in per 
cent. The similar equation obtained by plasmapheresis experi- 
ments (1) was Ca = (0.47 + 0.57) protein + (3.72 + 0.32). These 
equations do not differ from each other significantly except per- 
haps in the intercept. 

The negative correlation between protein and chloride in plas- 
mapheresis experiments was deemed significant, although a 
gradual raising of chloride by the repeated injection of 0.9 per 
cent sodium chloride could not be ruled out. Furthermore, in 
the plasmapheresis experiments, no correlation between protein 
and bicarbonate was found. In normal dogs, the daily injection 
of about 500 ml. of physiological salt solution did not lead to 
significant deviations in the protein, bicarbonate, chloride, or 
total base. In order to test whether a low serum protein concen- 
tration would alter the results, Dogs 1 and 2 on the 65th to 68th 
days of Experiment II were subjected to daily intravenous in- 
jections of 500 ml. of 0.9 per cent sodium chloride and daily esti- 
mations of electrolyte were made on blood withdrawn just before 
the infusion. 

Table II gives the averages + the standard deviations of the 
average. In each dog, the withdrawal of four serum samples was 
preceded within 22 to 24 hours by the injection of salt solution, 
and four other analyses which were carried out within 2 weeks 
before or after the infusions are used as controls. The similar 
data obtained previously on normal dogs (1) are reproduced for 
comparison. Although the dogs had definitely low serum pro- 
teins, the results are essentially the same in both experiments, 
except that with hypoproteinemia the serum protein is signifi- 
cantly reduced by the injection of salt solution. While the ex- 
periments in both instances do not demonstrate that no change 
takes place, they do indicate that more extensive data would be 
unlikely to show larger differences than those found + 2 standard 
deviations of the differences. 


DISCUSSION 


The present data probably give a correct impression of the elec- 
trolyte picture of the serum in dogs with nutritional hypoprotein- 
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emia. The undernutrition accompanying the hypoproteinemia in 
these experiments may alter the electrolyte picture so that changes 
produced by alteration in protein concentration are masked. 
However, such distortions are probably not great and the data 
indicate that low serum protein is not the cause of deviations in 
the electrolyte pattern found in nephrosis. In other words the 
present data afford experimental substantiation of the conclusion 
of Peters et al. (6) that low serum protein does not explain the 
high chloride or low total base of nephrosis. 

The data confirm the direct relation between protein and cal- 
cium pointed out previously (7-10). Attention should be called 
to the fact that the slope of the curve expressing the relation be- 
tween protein and calcium differs in dog and man. Our data indi- 
cate the slope for the dog to be 0.47, while Peters and Eiserson (9) 
found the slope for man to be 0.27, when the equation is expressed 
in milli-equivalents per liter. The proteins of dog and man may 
exhibit such a difference in their calcium-combining power. On 
the other hand, the selection of cases in deriving the human curve 
which for the lower protein values was largely based on cases of 
nephritis, may have obscured the true relationship. Nutritional 
hypoproteinemia seems less likely to be complicated by deviations 
in calcium concentration due to factors other than serum protein. 
This seems especially true of the dogs, which presumably received 
adequate calcium, as bone ash was present in their food. Data 
showing the relation of protein to calcium in nutritional states 
might settle this point. Stearns and Knowlton’s (10) figures 
show a relation between protein and calcium in babies. As 
pointed out previously (1), this relationship substantiates the 
slope of the curve of Peters and Eiserson. For the present it 
seems safe to assume that ‘dog serum and human serum combine 
with calcium in different amounts and the equation of Peters 
and Eiserson expresses the relation in man. However, as pointed 
out previously, the constant (or intercept) will vary with disturb- 
ances in calcium metabolism, since it measures the factors, other 
than protein, which affect the concentration of serum protein. 


SUMMARY 


Electrolyte concentration during the course of protein starva- 
tion was determined on dogs. 
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No clear cut relationship between the variation in serum pro- 
tein and serum chloride, bicarbonate, sodium, or potassium was 
found. 

The direct relationship between serum protein and serum cal- 
cium was found to be expressed by the following equation: Ca = 
0.47 protein + 2.89. Ca is expressed in milli-equivalents per 
liter, protein in per cent. 
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THE FASTING KETOSIS OF MONKEYS. I* 


By THEODORE E. FRIEDEMANN 
(From the Laboratory of Biological Chemistry, Washington University 
Medical School, St. Louis, and the Department of Medicine, 
University of Chicago, Chicago) 
(Received for publication, March 9, 1934) 


It is known that the ketosis which appears as a rule after a 
day or two of fast is almost always more marked with human 
subjects than that observed with other animals (1-6). Some spe- 
cies appear not to develop ketosis on fasting, while with others it 
is slight (Levine and Smith (7) review the literature). According 
to an observation by Baer (1) and an earlier experiment by the 
writer (5), monkeys show a fasting ketosis quite comparable with 
that of human subjects. 

The present paper records additional data from five Old World 
monkeys, four of which (two black apes and two bonnet macaques) 
developed ketosis on the 2nd or 3rd days of fasting of a degree 
comparable to the marked ketosis of humans. The fifth monkey, 
a mandrill, showed only a trivial ketosis. 

An approximate analysis of the ketogenic and antiketogenic 
factors in the metabolism of these animals, on the basis of calcula- 
tion proposed by Shaffer (8), appears to account for the ketosis 
found, and for its absence in the mandrill. Ketosis in these 
Primates, in contrast with other animals, therefore appears to 
arise under the same metabolic conditions and to have the same 
quantitative relations as in the human subjects. If this be the 
case, the fact, while affording an apparent confirmation of the 
hypothesis underlying the calculation, of course gives no addi- 
tional evidence concerning the mechanism of interplay between 
the factors involved in antiketogenesis. 


* A preliminary report of these experiments was presented before the 
Twenty-second meeting of the American Society of Biological Chemists at 
Ann Arbor, 1928 (J. Biol. Chem., 78, lxi (1928); Proc. Am. Soc. Biol. Chem., 
7, 61 (1928)). 
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Perhaps the main interest in the observations is the indication 
of a quantitative as well as qualitative similarity among the 
primates of another phenomenon of intermediary metabolism. 
It will be recalled that certain primates exhibit an apparently 
exceptional behavior in regard to purine metabolism (9, 10).' 


EXPERIMENTAL 


The animals used were full grown, but not apparently aged. 
They were afflicted with ‘“‘cage paralysis’’ (11), a condition said to 
resemble osteomalacia. Their condition appeared normal except 
for a disinclination to move, movement seeming to be painful. 
Temperature and appetite were normal. Their inactivity made 
possible an estimate of approximate values for their total 
metabolism. 

The animals were kept in small metabolism cages in a room 
maintained at about 30°. They were fasted usually 3 or 4 days, 
being allowed free access to water. The weight of the animals 
declined rapidly during the first 2 days. Weight was rapidly 
regained after the resumption of food. The urine was collected 
at frequent intervals and placed in the refrigerator until analyzed. 
Determinations were made for acetone plus acetoacetic acid, B-hy- 
droxybutyric acid (12), and total nitrogen. 

In several instances the animals went into coma on the 3rd day 
of fasting. Whether this was due to exhaustion from depletion 
of reserve food materials, or due to the ketosis, could not be 
determined, since it was very difficult to obtain blood for analysis. 
The application of heat and administration of glucose subecutane- 
ously was followed promptly by recovery. 


DISCUSSION 


The results for the five animals are shown in Tables I to IV. 
It will be noted that acetone bodies are excreted in quantity by 
four of the animals but not by the mandrill; the latter, even on 
the 4th day, showed only traces of acetone in the urine. In all 
of them, as was to be expected, there was an increase in the excre- 


! According to Wiechowski (9) and Hunter and Givens (10), the chim- 
panzee and man excrete purines chiefly as uric acid. The writer finds the 
same to be true also of the orang-utan, Pongo pigmx (unpublished experi- 
ments, December, 1927). 
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tion of total nitrogen. The excretion of nitrogen in the case of 

the mandrill, however, was very high; from an average of about 

1.5 gm. of nitrogen per day, the excretion rose and reached a 

value of about 5 gm. per day. This is a higher value than found 

in the literature for other animals of similar weight, fasted under 

the same conditions, and may possibly account for the low acetone 

excretion. 

For the purpose of comparison with data from human subjects, 
calculations of the expected acetone body excretion are made, with 
the factors and method of calculation of Shaffer. The surface 
area was calculated by the Meeh formula, a constant of 11.4 
being used. The basal metabolism per hour per sq. m. of surface 
area was assumed to be 40 calories in the case of the males and 
37 calories in the case of the females. The allowance made for 
the activity of the animal is shown in Tables I to IV. 

In calculating the ketogenic balance, it was assumed that stored 
glycogen was depleted or not consumed and that the total metabo- 
lism is represented only by fat and protein. Estimated total 
calories — calories from protein (urine N X 26.5) = calories 
from fat. (Urine N X 15) + (fat calories X 0.363) = total 
ketogenic mm (K). (Urine N X 20) + (fat calories X 0.06) = 
total antiketogenic factors as mm of glucose (A). K/A = 
ketogenic ratio, and K — 2A = expected excretion in mM. 
Besides the frank assumptions inherent in Shaffer’s factors, the 
estimate of total metabolism is doubtless open to considerable 
error, and the validity of the results of calculation is correspond- 
ingly uncertain; but this is perhaps no more uncertain than in 
similar estimates for human subjects. 

The mandrill, as stated above, developed only very slight ketosis. 
The results are shown in Table I. When the averages of the 
four 12 hour periods of the 3rd and 4th fast days were taken, 
the nitrogen excretion was 4.57 gm. per day, equivalent to 121 
calories, leaving (340 — 121) 219 calories from fat. Owing to 
the high protein metabolism, the calculated ketogenic balance is 
(K = 148)/(A = 104) = 1.4. Similar ratios are commonly found 
near the threshold of ketosis in man, and it is therefore perhaps 
not surprising that this animal developed only a slight ketosis. 

With the other monkeys ketosis was pronounced. The two 
black apes (see Table II) fasted together in the same cage, and 


338 Fasting Ketosis of Monkeys. I 


again later in separate cages, excreted (together, combined weight 
before fast 5.1 kilos) 24 to 49 mm of total acetone bodies per 
24 hours, the equivalent of 29 to 60 gm. of hydroxybutyric acid 
for a 60 kilo man. 

During the first fast the average nitrogen excretion was 2.35 gm. 
per day (together), the average acetone body excretion (excluding 
the first 34 hours) being 40 mm. The average calculated keto- 


TaBLe | 
Mandrill (Papio sphinz, L.) Habitat, West Africa; male; 5.0 kilos; 
estimated total metabolism, 0.322 X 40 K 24 X 1.10 = 340 calories; esti- 
mated surface area, 0.322 sq. m. All results are expressed per 24 hours. 


Acetone bodies 
Urine collection period 3/2 Remarks 
3/3/43] +3 
ce. gm. mM mM mM 
10 a.m.-10 a.m. 1 |1010 {1.27 Animal very quiet 
* * 2 {1450 |1.85) 0.9 | 0.9) 1.8 
10 “ -8p.m. 3 |3800 |4.03} 0.3 | 0.5) 0.8 
8 p.m.- 8 a.m. 3 |2300 |4 0.4 
8 a.m.— 8 p.m. 4 [2680 |5 0.4 | 0.3/0.7 
8 p.m.— 8 a.m. 4 {1800 |4.46) 0.3 | 0.2) 0.5 
8am-10 “ 4100* 1.2 
10 “ -4p.m. '2040* 0.6 Food at 10 a.m. 
4pm-8 “ 700* Faint 
trace 
8 “ -8a.m. 800* 


* Diarrhea; feces, etc., in urine. 


genic balance and ratio (K = 170)/(A = 69) = 2.5, with an 
excess of K — 2A = 32 mo of expected acetone bodies. Similar 
comparisons may be calculated for the second periods when the 
ketosis was somewhat less, though again very marked. 

With the first bonnet macaque (Table III), the ketosis reached 
about 8 mM, or 4 per kilo. The average calculated ketogenic 
balance (per 24 hours) for the last three fast periods is 
(K = 64)/(A = 24) = 2.7, and K — 2A = 12 mo of acetone 
bodies expected. 
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TaBLe II 


Black apes (Cynopithecus niger, Desmarest). Habitat, Island of 
Celebes; fasting weight of male 2.7 kilos, female 2.4 kilos; calculated sur- 
face area of male 0.194 sq. m., female 0.180sq.m. All results are expressed 


per 24 hours. 
Acetone bodies 
Date Urine collection period 2 Remarks 
| 
2 2) 38 | 238 | 3 
First fasting period; both animals together in large metabolism cage 
1987 gm.| mM mM mM 
May 28} 1 | 10 a.m.-10 a.m. 0.09 Animals moder- 
“ 29; 10 “ -8p.m. 5.3] 1.5] 6.8) ately active; 
8 p.m.- 8 a.m. |2.21} 8.5] 8.8 {17.3} allowance for 
3 8 a.m.- 8 p.m. |{1.99/12.0 | 33.0 |45.0] activity + 25 
30 8 p.m.- 8 a.m. /2.35)/12.0 | 36.8 |48. per cent of 
“ 31) 4 8 a.m.- 4p.m. /2.44/10.8 | 29.0 |39. basal; total 
metabolism of 
both animals 
(calculated) 
433 calories 
4pm-8 “ 7.2 | 16.8 |24.0) Food at 4 p.m. 
8 “ -8a.m. 18 


Male; second fasting period; in small metabolism cage 


June 7 | 3 9a.m.-8 p.m. {1.02} 3.2 | 9.0 {12.2} Very quiet; al- 


8 p.m.- 8 a.m. {1.01} 3.4 | 11.2 {14.6} lowance for ac- 
tivity + 10 per 
cent of basal 

“ 8] 4] 12 am. 3 p.m. 1.6 | 1.6 | 3.2} Food at 8 a.m. 


Female; second fasting period; in small metabolism cage 


June 7 | 3 9a.m.—8 p.m. {1.01} 4.1] 7.1 |11.2} Very quiet; al- 
8 p.m.- 8 a.m. 0.65) 2.6] 9.4 |12. lowance for ac- 

tivity + 10 per 

cent of basal 

* 2144 12 a.m.- 3 p.m. 2.4) 14.0? Food at 8 a.m. 
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TasBie III 
Bonnet macaque (Pithecus sinicus). Habitat, India; female; 1.9 kilos; 
estimated surface area, 0.168 sq. m.; total metabolism, 37 X 0.168 Xx 24 
X 1.10 = 164 calories. All results are expressed per 24 hours. 


Acetone bodies 
Day Total 
‘acid | acid | feted 
gm mM mM mM 
1 10 a.m.-10 a.m. Trace 
2/} 10 “-8pm. |0.81| 0.4 | 0.8 | 1.2 | Animal very quiet 
8 p.m.- 8 a.m. | 0.67 1.2 3.2 | 4.4 “ “ 
3 8a.m.-8p.m. | 0.87| 2.4 4.8 | 7.2 ‘“ “ “« 
8 p.m.- 8 a.m. | 0.82 1.6 7.2 | 8.8 “ “ “ 
4| Sam-4pm. [0.99] 2.4 | 5.4] 7.8 
4p.m-8 “ 1.1 | 4.2 | 5.3 | Food at 4 p.m. 
8 “ -8a.m. 0.2 
TABLE IV 


Bonnet macaque (Pithecus sinicus). Habitat, India; male; 4.C kilos; 
calculated surface area, 0.277 sq. m.; estimated total metabolism, 0.277 
x 40 K 24 X 1.10 = 292 calories. All results are expressed per 24 hours. 


Acetone bodies 
zie |é 
Urine collection period | 2 z Remarks 
3 +3 12 
4 2° é 
1987 gm. mM | mM | mM 
May 26} 1 | 10 a.m.-10 a.m. 0.3 Animal very quiet 
“ 2) 10 “ -8p.m. {1.62} 2.5 | 0.3] 2.8 
8 p.m.- 8 a.m. 7.2 | 6.6/13.8 
28) 3 8 a.m.— 8 p.m. {1.46] 13.2 | 3.8/17.0) 
8 p.m.— 8 a.m. |1.67/ 9.0 | 8.0/17. 
“ 29) 4 8 a.m.— 4 p.m. {1.30} 8.1 | 6.8 
4pm-8 “ 0.6 Food at 4 p.m. 
8 “ -8a.m. Trace 
June 7 | 3*| 9a.m.- 8 p.m. {1.00} 6.6 [14.0/20.6] Animal very quiet 
8 prm.— 8 a.m. {1.20} 5.4 |19.8/25.2 


* Second fasting period. 
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With the other monkey of the same species (Table IV) during 
the first fast, the average for the last four periods was 15.7 mm of 
acetone (per 24 hours). The calculated ketogenic ratio is 
(K = 114)/(A = 46) = 2.5. The expected acetone excretion is 
K — 2A = 22 mm. In the second fast, the acetone excretion 
for the 3rd day was 22.9 mm, and the ketogenic ratio (K = 112)/ 
(A = 38) =3.0, K — 2A = 36 mm. The agreement between 
the actual ketosis and the calculated expectation seems to be as 
good as may be looked for, considering the uncertainty of the 
total metabolism of the animals. 


SUMMARY 


1. A study was made of the fasting metabolism of five Old 
World monkeys including two black apes, two bonnet macaques, 
and one mandrill. 

2. The results indicate that these animals develop fasting ketosis 
under conditions of metabolism, quantitatively as well as qualita- 
tively, similar to those which produce ketosis in human subjects. 


I wish to thank Dr. P. A. Shaffer at whose suggestion these 
experiments were undertaken. I am also greatly indebted to 
Mr. George Vierheller, Director of the St. Louis Zoological Gar- 
dens, for advice and many helpful suggestions. 
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STUDIES IN THE NUTRITIONAL ANEMIA OF THE RAT 


X. HEMOGLOBIN PRODUCTION AND IRON AND COPPER METAB- 
OLISM WITH MILK OF LOW COPPER CONTENT* 
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The effect of parenteral administration of ferric chloride to 
anemic rats was studied by Eveleth, Bing, and Myers (1). It 
was found that injections of iron produced an increase in weight 
and restored the number of red cells and the hemoglobin concen- 
tration of the blood to the normal levels. The significant observa- 
tion was made that the rate of hemoglobin production, when iron 
was given intraperitoneally, was not markedly accelerated by the 
administration of copper to the anemic rats. This was not inter- 
preted to mean that copper may not be essential for erythropoiesis. 
The milk used contained 0.34 mg. of copper per liter and there 
was an undetermined quantity of copper in the bodies of the rats. 
However, the experiments did afford a method by which the 
regeneration of hemoglobin could be effected with low dosages of 
iron at a rate which was seemingly independent of sources of 
copper other than those furnished by the milk and the reserve 
stores of the animals. 

The earlier experiments have now been extended to include a 
study performed with milk containing as little copper as it seems 
possible to procure. Guernsey cows were milked directly into 
glass bottles; the bottles were then sealed, packed in ice, and 


* A report of this work was presented at the Twenty-seventh meeting 
of the American Society of Biological Chemists at Cincinnati, April 10, 
1933. 

The data are taken in part from a thesis submitted by Esther M. Saur- 
wein to the Graduate School of Western Reserve University, June, 1933, 
in partial fulfilment of the requirements for the degree of Master of Science. 
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delivered to the laboratory. Nearly all of the milk used in the 
experiments described in this report was the product of a single 
prize cow in the certified milk herd of the Telling-Belle Vernon 
Company at Novelty, Ohio. It was at all times collected with 
special precautions to avoid contamination. The milk contained 
from 0.11 to 0.16 mg. of copper per liter and averaged 0.14 mg., 
as determined by the sodium diethyldithiocarbamate method. 
With this milk obtained under controlled conditions, rats were 
made anemic and then treated with iron by oral administration, 
with or without copper supplements, and with intraperitoneal 
injections of iron. The experimental procedure was planned 
so as to include a study of the metabolism of copper and iron. 
This was done by determining intakes and comparing the values 
for the analyses of the rats with the figures obtained for control 
rats sacrificed before treatment. 


EXPERIMENTAL 


In the first series of experiments three litters of rats, numbering 
eighteen animals, were used. Anemia was produced by essentially 
the method introduced by Elvehjem and Kemmerer (2). The 
hemoglobin determinations and the cell counts were made by the 
technique described by Heinle and Bing (3). Before an extremely 
anemic level of the blood had been attained three of the rats died. 
The remaining fifteen animals were then divided into four groups. 
The first group consisted of three rats that were killed during ether 
anesthesia, after which the stomach and intestines were removed 
and the carcasses saved for subsequent analyses. To four rats was 
administered 0.5 mg. of iron orally as ferric chloride each day. 
Another group of four rats received daily intraperitoneal injections 
of 0.5 mg. of iron. The last group of four rats received by mouth 
0.5 mg. of iron as ferric chloride plus 0.025 mg. of copper as 
copper sulfate per day. 

The same ferric chloride solution, prepared from pure electro- 
lytic iron, was employed throughout. Analysis of this solution 
showed that its copper content was negligible; that is, if the 
experimental rats had retained all of the copper from this source, 
the total amount would have been less than the experimental 
error of the method used to determine the copper content of the 
carcasses. Hence, no attempt was made to purify the iron further. 
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The technique of making the injections was the same as that 
described previously (1), except that the iron was administered 
every day. 

The milk consumption was recorded for each rat daily. At 
intervals the concentration of hemoglobin and the number of 
red blood cells were determined on a drop of blood removed from 
the tip of the tail. When the rats receiving iron and copper 
orally had just recovered—this occurred in 17 days—all the 
animals were killed. The intestines were removed and the car- 
casses were analyzed for iron and copper. 

The experiments were repeated with more rats and all of the 
data are included in the present report. 


Analytical Methods 


Various methods for the determination of iron and copper were 
tried but the following technique gave the best results. 

Ashing—To prepare the material for analysis the body of each 
rat (minus the stomach and intestines) was placed in a silica dish 
and dried in an air oven at about 100°. The temperature of the 
oven was gradually raised to 200-210° and maintained there for 
about 6 hours, when the dishes were removed and placed in an 
electric muffle furnace. A white or nearly white ash was obtained 
after 12 hours of heating at 500-550°. The ash was treated with 
5 ec. of concentrated HCl plus a little water, filtered through 
iron-free and copper-free filter paper, and the filtrate collected 
in a 50 cc. volumetric flask. The filter paper was placed in the 
original dish and incinerated. The resulting ash was dissolved 
in 2 cc. of concentrated HCl and a little water, the solution was 
added to the material in the 50 ce. flask, and the mixture was 
diluted to the mark. 

Determination of Copper—To determine the copper, 25 cc. of the 
solution of the ash were placed in a 50 cc. test-tube. Concentrated 
NaOH was added drop by drop until a slight precipitate appeared ; 
this was just dissolved by the addition of concentrated HCl and 
2 ec. of n HCl were added in excess. Hydrogen sulfide was 
passed through the solution rapidly for an hour and a half. The 
tube was stoppered and placed in the refrigerator overnight. 
The solution was then filtered on a Shohl microfilter (4), the pre- 
cautions described by Ansbacher, Remington, and Culp (5) to 
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prevent oxidation by the air being observed. The precipitate 
was washed with n HCl previously saturated with H.S. The 
glass bead and asbestos mat of the Shohl filter, with the pre- 
cipitate, were quantitatively transferred to the original test-tube 
with water and 1 cc. of concentrated HNO;. The solution was 
boiled to dissolve the CuS and evaporated to a volume of about 
2cc. This solution was filtered through another Shohl filter into 
a narrow bore test-tube graduated at 8 cc., and washed in with 
a small amount of water. The volume of liquid in the test-tube 
should be less than 6 cc. To the contents of the tube 2 cc. of 
concentrated NH,OH were added and sufficient water to make 
a volume of 8cc. 2 drops of a 2 per cent gum ghatti solution were 
added and mixed, followed by 0.1 ce. of a 1 per cent solution of 
sodium diethyldithiocarbamate. The color was read against a 
similarly prepared standard color containing 0.025 mg. of copper. 
All reagents were shown to be free from copper. 

To determine the copper content of milk 200 ce. were inciner- 
ated, the ash was dissolved in 5 cc. of concentrated HCl, and the 
volume adjusted to 2%cc. The entire sample was used for the 
precipitation of CuS. Otherwise, the same procedure was used 
as for the analyses of the rats. 

Duplicate determinations agreed to within +5 per cent of the 
average value. Small amounts of copper added to milk were re- 
covered to the extent of 80 to 100 per cent. 

Determination of Iron—The iron was determined on the acid 
solution of the ash by the Hanzal method (6). From 1 to 3 ce. 
of ash solution were placed in a Pyrex test-tube graduated at 25 ce. 
10 to 15 cc. of water were added, followed by a drop or two of dilute 
KMnQ, solution to make certain that all of the iron was in the 
ferric condition. 4 drops of a 7 per cent aqueous solution of cup- 
ferron were added and mixed. The solution was then filtered 
through a Shohl filter and the clear and colorless filtrate discarded. 
The original test-tube was placed under the funnel and the pre- 
cipitate was dissolved and washed into the tube with 2 cc. of 
acetone. The acetone was removed by immersing the tube in a 
bath of hot water. The subsequent digestion of the iron-cupferron 
compound with 10 nN H,SO, and H,Os, followed by color develop- 
ment with thioglycolic acid in an ammoniacal medium, was 


performed as described by Hanzal (6). 


than 15 ce. of milk per day during the period of observation. 


Results 


The results of the experiments are presented in Table I. It may 
be noted that of the six rats receiving iron orally one drank less 


Bing, Saurwein, and Myers 


347 


It 


lost 14 gm. in weight and died in 6 days, apparently from inanition. 


TasBLe I 
Hemoglobin Production in Anemic Rats 


Total Hemoglobin Analyses of rats 
Group Net body | milk con- 

End | content | costent 

gm. ec. gm. gm. mg. mg. 
Control, sacrificed at 76 2.92 1.18 | 0.045 
beginning of experi-| 52 3.04 1.00 | 0.061 
ment 55 3.85 1.08 | 0.058 
46 4.28 1.26 | 0.049 
60 5.66 1.13 | 0.044 
Receiving orally 0.5 51* 3.37 1.15 | 0.058 
mg. Fe per day 81 562 3.70 8.60 2.46 | 0.062 
53 239 3.82 5.50 | 1.62 | 0.060 
78 562 -| 3.94 9.33 | 2.75 | 0.064 
64 295 4.16 5.81 1.97 | 0.060 
63 405 5.14 6.93 | 1.79 | 0.059 
Receiving intraperi- 98 522 3.08 | 13.50 | 7.46 | 0.116 
toneally 0.5 mg. Fe 60 364 3.37 | 13.60 | 5.65 | 0.101 
per day 68 476 3.51 12.52 | 6.66 | 0.084 
95 630 4.44 | 11.48 | 7.24 | 0.102 
95 457 4.85 | 13.65 | 6.17 | 0.109 
115 701 4.90 | 12.78 | 7.52 | 0.111 
Receiving orally 0.5 | 106 750 2.74 | 13.60 | 3.89 | 0.144 
mg. Fe + 0.025 mg. 86 503 3.71 12.50 | 3.45 | 0.090 
Cu per day 83 718 3.74 | 13.20 | 3.48 | 0.120 
85 731 3.86 | 13.90 | 3.71 | 0.114 
76 595 5.44 13.80 3.62 0.108 


* This rat drank less than 15 cc. of milk daily and died in 6 days. 


Three additional rats in this group gained only slightly in hemo- 
globin and were in poor condition at the end of the experiment. 
The two remaining animals more than doubled their initial hemo- 
globin levels. The figures for the milk consumption indicate 
that the animals which showed a fair production of hemoglobin 


were those that drank the most milk. 
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The iron content of the rats receiving milk and iron was dis- 
tinetly higher than that of the controls, but the copper content 
was only slightly higher. 

The animals that received injections of ferric chloride showed 
a marked increase in hemoglobin, the final average concentration 
being 96 per cent of the average value attained by the animals 
receiving iron and copper orally. The bodies of the injected rats 
contained considerable iron, not all of which was within the body 
cells because some of it appeared to be deposited in the outer lining 
of the peritoneal organs. No signs of inflammation or other 
pathological manifestations were evident in these animals on gross 
examination. The copper content was double the average value 


TasB_e II 
Average Retention of Copper 
A 
Average Cu intake Total average 
woup content | retention Cu per rat 
Milk CuSO, Total per rat 
mg. mg. mg. mg. mg. 
0.051 
PE. cckcncaanen 0.058 0.058 | 0.061 | 0.010 17 
0.073 0.073 | 0.104 | 0.053 73 
“ + Cu orally...... 0.092 | 0.425 | 0.517 | 0.115 | 0.064 12 


for the control group and slightly less than the copper content of 
the animals receiving iron and copper administrations. 

As shown in Table II, the increased copper content of the rats 
receiving iron by injection can be accounted for by the copper 
content of the milk. The retention of copper was calculated by 
subtracting 0.051 mg., the average value for the copper content 
of the control group, from the average copper value as determined 
by analysis for each of the other groups of rats. This method of 
computing the balance of copper throws considerable weight 
on the values obtained for the control group, which represent what 
is assumed to be the average composition of all the rats at the 
beginning of the experiment. We believe the data are sufficiently 
conclusive to bring out a number of striking points. First of all, 
it is evident from the data presented in Table II that the copper 
in the milk is poorly utilized by the rats receiving iron orally. 
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Moreover, the percentage utilization by the rats receiving copper 
sulfate in addition to iron is no better. The rats receiving iron 
by injection stand out because of the considerably better retention 
of copper. These conclusions would hold regardless of whether 
one assumed the lowest or the highest value of the copper content 
of the control rats as the basis of the calculations. 

The probable partition of the total iron in the bodies of the 
rats is summarized in Table III. The iron attributable to hemo- 
globin of the blood was computed on the assumption that this 
tissue comprised 6.5 per cent of the net body weight (7). The 
total iron minus that due to the hemoglobin of the blood has been 


III 
Calculated Values for Partition of Iron between Hemoglobin and Tissues 
Calculated average values 
Group 
Hb Non-hemoglobin Fe 
mg. mg. mg. 100 
1.13 1.95 0.49 0.64 1.18 
ee 2.12 3.12 1.10 1.02 1.60 
freee 6.78 7.71 2.48 4.30 5.23 
‘ + Cu orally.......... 3.63 4.17 2.55 1.08 1.34 


* These values for the non-hemoglobin iron are calculated on the basis 
of the mg. of Fe per 100 gm. of net body weight minus the estimated weight 
of the blood. 


called the non-hemoglobin iron. This fraction includes muscle 
hemoglobin and other iron compounds of the tissues as well as 
stored iron. The calculations reveal several points of interest. 
The control animals, with 1.18 mg. of iron per 100 gm. of blood- 
free tissue, fall in the upper range of values reported by Josephs 
(8). In the animals receiving iron orally the non-hemoglobin 
fraction of iron was increased to about the same extent as in the 
rats that received iron plus copper. How much of this fraction 
represented functional tissue iron is not revealed by the present 
study. The total iron content of the rats receiving iron plus . 
copper was greater than the iron content of animals receiving 
supplements of iron alone by mouth; but this difference is due 
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entirely to the greater concentration of hemoglobin in the blood 
of the rats that received copper. 

Attention should be called to the high values for total and non- 
hemoglobin iron in the rats receiving parenterally administered 
ferric chloride. From observations of Polson (9) on rabbits we 
may judge that a considerable portion of this non-hemoglobin 
iron would ultimately be excreted. 

Reproducibility of Results—The data recorded in Table I show a 
satisfactory degree of uniformity among the individual animals 
in each group. About one-third of the total figures represents 


TaBLe IV 
Hemoglobin Production in Anemic Rats 
Hemoglobin Analyses of rats 
— Beginning} End 
gm. ee. gm. gm. mg. mg. 
Control, sacrificed at 41 2.67 0.98 | 0.071 
beginning of experi-| 40 2.47 0.97 | 0.077 
ment 
Receiving orally 0.5 59 372 2.82 5.94 1.81 | 0.079 
mg. Fe per day 40 267 2.52 4.28 1.32 | 0.066 
Receiving intraperi- 70 488 2.65 13.39 5.75 | 0.106 
toneally 0.5 mg. Fe 
per day 
Receiving orally 0.5 67 531 2.63 | 13.04 | 2.21 | 0.106 
mg. Fe + 0.025 mg. 56 403 2.60 | 12.60 | 2.00 | 0.095 
Cu per day 46 329 2.49 13.50 1.85 | 0.107 


values obtained in experiments that were done several months 
after initial experiments. Data obtained with a few rats from 
another colony are presented in Table [V. Two mother rats and 
their litters were secured when the young were a few days old. 
The experimental procedure employed with these animals was 
identical with that already described. The data in Table 1V 
confirm the observation that injections of iron effect a complete 
regeneration of hemoglobin, and that at the same time the copper 
content of the body is definitely increased. The rats in these 
experiments differ from the others, however, in two particulars. 
First, the copper content of the body of the control rats was a 
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little higher. Secondly, the estimated non-hemoglobin iron in 
the rats receiving either iron or iron and copper by mouth was 
less. These differences may be attributed partly to possible 
differences in strains of rats and partly to variations in the dietary 
histories of the parent animals. 


DISCUSSION 


It is significant to note that in the experiments reported here 
the rats produced some hemoglobin with supplements of pure 
iron, even though the milk contained a minimum of copper (0.14 
mg. per liter). This has been previously demonstrated in this 
laboratory (1, 10). The occasional failure of pure iron to effect 
the recovery of anemic rats has also been encountered. But 
these cases have been complicated by the fact that the rats con- 
sumed very little milk so that we have been forced to conclude 
in each instance that death was due to fasting. It may be claimed 
that the cause of the hemoglobin production, where this has 
occurred—as in two of the rats in the present study—is due to the 
amount of copper in the tissues of the rat at the beginning of the 
experiment. Lindow, Peterson, and Steenbock (11) have reported 
analyses for the copper content of the entire carcass of anemic 
rats. They found from 0.045 to 0.067 mg. per rat, in which range 
our figures also fall. However, their rats weighed somewhat more 
than our control animals and the percentage concentration of 
copper is slightly higher in our rats. There is evidently room 
for further study of this point. At present, however, it is not 
without interest that the total copper content of anemic rats, 
as reported by Lindow, Peterson, and Steenbock and by us, 
should be as similar as the available figures would indicate. 

The experiments reported herein verify the conclusion of 
Eveleth, Bing, and Myers (1) that intraperitoneally injected iron 
is effective in curing anemic rats. Injected iron is retained by 
the body to a considerable extent and is used to form hemoglobin. 
Recently a number of reports have shown the efficiency with 
which parenterally administered iron is retained and converted 
into hemoglobin in human infants (12, 13). The data herein 
show, however, that such results do not imply that copper is not 
needed for the conversion of inorganic iron into hemoglobin. 
Indeed, it is pointed out that recovery from anemia in rats as the 


| 
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result of iron injections is accompanied by an increase in the body 
store of copper. 

The greater utilization of the copper of milk by the rats re- 
ceiving iron injections as compared with the poor utilization by 
rats receiving oral administrations of iron can, perhaps, be attrib- 
uted to the correspondingly greater retention of iron. In 
other words, the retention of copper is probably favored by the 
retention of iron and, conversely, it is likely that the poorest 
retention of copper would be observed during the period of unsup- 
plemented milk feeding, due to the low iron content of the milk. 
According to the data of Lindow, Peterson, and Steenbock (11), 
rats made anemic by restriction to a milk diet for several weeks 
contained the same amount of copper as control rats analyzed 
at the beginning. This fact emphasizes what our data likewise 
show, that a serious deficiency in animals maintained on a milk 
diet is due to the failure to retain much of the copper that is in the 
milk. 

Previous papers in this series (14, 15) have recorded the inability 
to verify completely the observations made by Hart, Steenbock, 
Waddell, and Elvehjem (16) to the effect that copper must be 
added to milk and iron in order to bring about hemoglobin pro- 
duction in anemic rats. It was early suggested that our iron 
might be contaminated with copper. We denied the possibility 
of this explanation and suggested the milk as the more probable 
source of the difficulty, in case our positive results with iron 
were due to traces of copper. Although we have not been able to 
obtain entirely negative results with milk and iron, the stimula- 
tion of hemoglobin production brought about by the addition of 
small amounts of copper has been repeatedly and uniformly 
verified in this laboratory. We therefore feel justified in inter- 
preting the present experiments on hemoglobin production from 
the standpoint of iron and copper metabolism. 

If copper is essential for erythropoiesis in anemic rats, it is 
suggested that our positive results may be due to a better utiliza- 
tion of the copper that is present in the milk. A fact that appears 
worthy of comment is that the Guernsey milk which we have used 
contained 5.0 to 5.5 per cent fat. Because anemic rats drink very 
little milk, it would seem that the additional calories and the 
presumably greater concentration of fat-soluble vitamins afforded 


Bing, Saurwein, and Myers 353 


by this milk of high fat content should be considered as factors 
that may favor the production of hemoglobin. We have al- 
ready alluded (1) to the possible importance of vitamin D in 
this connection. 

Cunningham (17) and Josephs (8) have independently deter- 
mined the content of iron in the bodies of rats fed on milk, alone 
or supplemented with iron or iron and copper. Both investigators 
found that the iron content of the rats receiving milk plus iron 
was about the same as that of rats receiving milk plus iron and 
copper. Josephs concluded from his data that copper plays no 
réle in the retention of iron. This is obviously true only in the 
special case—such as that presented by the above authors— 
where the excess of hemoglobin in one group is balanced by an 
excess of non-hemoglobin iron in the other. Copper estimations 
were not made and it is therefore impossible to determine how 
much difference in copper content occurred in the several groups. 
Our data show a difference in the copper content of the rats 
receiving iron orally and those receiving iron plus copper. There 
is also a considerable difference in the iron content of the rats, 
those receiving supplements of copper having half again as much 
iron as those not receiving copper. Calculated on the basis of 
total iron retention, it is apparent that the group receiving supple- 
ments of copper retained twice as much iron as the group not 
receiving this element, except for that contained in the milk. 
Obviously, we can only conclude from these data that, provided 
the initial copper content of the body is low, the addition of copper 
aids in the retention of iron. 


SUMMARY 


Rats were made anemic by restriction to Guernsey milk con- 
taining 0.14 mg. of copper per liter. The oral administration of 
pure ferric chloride (0.5 mg. of Fe) to these anemic rats resulted in 
appreciable hemoglobin production, except in those animals that 
did not consume sufficient milk to maintain body weight. The 
addition of 0.025 mg. of copper as the sulfate to the milk and 
iron resulted in complete restoration of the hemoglobin of the 
blood to the normal level. Rats receiving iron by intraperitoneal 
injection attained, in the same period of time, an average hemo- 
globin concentration which was 96 per cent of that reached by the 
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rats receiving copper and iron by mouth. It was observed that 
the injected rats had a much higher copper content than control 
rats sacrificed at the beginning of the experimental period. The 
higher copper content could be accounted for by the copper 
content of the milk. Evidence is presented which shows that, 
if copper is essential, an important deficiency in rats maintained 
on a diet of cow’s milk is the poor retention of copper. The 
efficacy of intraperitoneally administered iron in the treatment of 
nutritional anemia in rats is reaffirmed. While primarily due to 
the effective utilization of the iron, it is suggested that the value 
of parenterally administered iron may also be due to an increased 
utilization of copper. 
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In addition to the saturated sterols, coprosterol and dihydro- 
cholesterol, which make up by far the largest part of the fecal 
sterols (1), small amounts (up to 20 per cent) of unsaturated 
sterols have also been found in all cases where proper analytical 
methods for their detection have been used (2). While it has 
seemed probable that the unsaturated sterol is cholesterol, it has 
not been isolated and identified. Isolation by crystallization is 
not possible from normal stools.'' Since the sterols which have 
been found in the feces are principally derivatives of cholesterol, 
it is possible that the unsaturated sterol is also a derivative and 
not cholesterol itself. Allocholesterol need not be considered, 
since the fecal sterols give no Rosenheim reaction. 

The separation of cholesterol from coprosterol and dihydro- 
cholesterol is based on the fact that brominated, unsaturated 
sterols are not precipitated by digitonin, while saturated sterols un- 
der proper conditions are not affected by bromine and retain their 
precipitability (4). This principle has been used for the isolation 
and identification of saturated sterols. To isolate cholesterol or 
other unsaturated sterols, the sterol mixture is brominated in 
alcohol, the saturated sterols are precipitated with digitonin, and 
the mother liquor is treated with sodium amalgam (which does not 


* This investigation has been made possible by the assistance of the 
Josiah Macy, Jr., Foundation. 

' When no bacterial hydrogenation takes place in the feces, as is the 
case on a diet of milk alone (3), pure cholesterol can be isolated readily by 
crystallization. This is to be expected in such cases, as the absence of 
coprosterol in the feces is a certain indication that no change in cholesterol 
has taken place in the intestine. 
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affect the double bond of cholesterol), whereby the free sterols are 
regenerated from their bromides. After the bromination, choles- 
terol can be precipitated from the mother liquor with digitonin. 


EXPERIMENTAL 


Isolation of Cholesterol from a Mixture of Coprosterol and Dihydro- 
cholesterol—0.2 gm. of coprosterol, 0.1 gm. of dihydrocholesterol, 
and 0.1 gm. of cholesterol were dissolved together in 10 cc. of 
alcohol and, after bromination according to the directions of 
Schoenheimer (4), the coprosterol and dihydrocholesterol were 
precipitated with digitonin. After 24 hours the mixed digitonides 
were filtered off, and the filtrate was debrominated by shaking 
with 3 per cent sodium amalgam in the cold. After separating 
the mercury, the solution was neutralized by titration with alco- 
holic HCl, and an excess of digitonin was added. After 24 hours 
the whole precipitate was filtered off and, after drying, the digito- 
nides were extracted with warm pyridine. The pyridine was con- 
centrated to a small volume in vacuo and the digitonides were split 
by the addition of ether (5). The precipitated digitonin was 
filtered off and 60 mg. of cholesterol were obtained from the 
mother liquor, m.p. 147°. The melting point of the acetate was 
114°. 

Tsolation of Cholesterol from Human Feces—For this experiment 
a large amount of unsaponifiable material was prepared from the 
feces of a subject who for this purpose lived on a diet composed 
almost entirely of animal products. The total sterols, which 
were separated by digitonin, contained 87.2 per cent of saturated 
sterols; about 12 per cent of cholesterol was to be expected. 

The sterols were dissolved in 15 parts of alcohol, and an alco- 
holic bromine solution was added until the solution remained 
yellow. To precipitate the saturated sterols, an excess of digi- 
tonin was added, and after 24 hours the digitonides were filtered 
off. The mother liquor was treated as described in the first 
experiment. The isolated cholesterol melted at 147° and gave a 
difficultly soluble dibromide. The acetate melted at 114°. 
Mixed melting points with pure preparations gave no depression. 
The substance gave an intense Liebermann-Burchard reaction and 
a Salkowski reaction of the same intensity as pure cholesterol. 

The above experiment was repeated with 8 gm. of a mixture of 
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sterols from the feces of a dog which had been fed meat. The 
mixture contained 19 per cent of unsaturated sterols. 105 mg. of 
pure cholesterol were separated. 


SUMMARY 


A method is presented for the separation of unsaturated sterols 
from a mixture in which saturated sterols are present in large 
amount. With this method it was possible to isolate and identify 
cholesterol from the feces of a human subject and a dog. 
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Although numerous determinations of the apparent dissociation 
constants of the amino acids in aqueous solutions have been re- 
ported (1, 2), few data relating to the apparent dissociation con- 
stants of these substances in other solvents are available. The 
experiments reported in this paper deal with the latter aspects of 
the subject. 

We have used the expressions pK’; and pK’. for monoamino- 
monocarboxylic acids, and pK’;, pK’:, and pK’; for amino acids 
with three buffer groups, in accordance with the nomenclature of 
Van Slyke and Kirk (3) (ef. also Brénsted (4)). This nomencla- 
ture is independent of the dissociation constant of the solvent. 

The dissociation constants of organic acids when dissolved in 
water-ethanol mixtures have been studied by Michaelis and Mizu- 
tani (5), who used the hydrogen electrode. An examination of 
twenty-seven carboxylic acid dissociation constants revealed in 
each case a progressive increase in the pK’ values with increasing 
concentration of aleohol. A similar study of eleven organic bases 
by Mizutani (6) showed a less marked decrease in the paH values 
of the half neutralized solutions. Hall (7) comments, ‘‘From their 
results one may infer, neglecting the junction potential, that the 
acidity constant of an uncharged acid is usually about 10° times 
smaller in ethyl alcohol than in water . . .” 
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Other workers who have applied the hydrogen electrode to alco- 
holic solutions include Bishop, Kittredge, and Hildebrand (8) and 
Treadwell and Schwarzenbach (9), while the results of Duboux 
and Tsamados (10) and Halford (11) indicate that pK’ values in 
water-alcohol mixtures measured electrometrically are in close 
accordance with values obtained by other methods. 

Several methods have been published for the estimation of 
amino acids and peptides by titration in alcoholic solution (12-16). 
These methods involve the addition of alcohol to the amino acid or 
peptide solution and subsequent titration with sodium hydroxide 
to the color change of an indicator, usually phenolphthalein. The 
authors have generally assumed that the method was dependent 
upon a marked decrease in the pK’: values. That this assumption 
is not justified is shown by the work of Michaelis and Mizutani 
(5) who point out that the pK’ of phenolphthalein is 8.6 in water 
and 12.6 in 90 per cent ethanol, and hence that titrations of amino 
acids and peptides in alcohol are dependent on a shift in the indi- 
cator pK’ and not in the pK’ of the substance titrated. The 
results of Kolthoff (18) and Hammett (19) point to a similar con- 
clusion. Van Slyke and Kirk (3) apparently overlooked the effect 
of alcohol on the indicator when they assumed that alcohol af- 
fects the pK’: value of an amino acid sufficiently to bring its buffer 
group within the zone practicable for titration with alkali. Elec- 
trometric measurements to be reported in this paper show that the 
effect of ethanol is actually to increase the value of pK’: slightly in 
the case of a typical a-amino acid. In a colorimetric titration, 
however, this effect is more than counterbalanced by the con- 
siderable increase in the pK’ value of phenolphthalein. The 
results of the present work are also in harmony with the generally 
accepted idea that the amino acids exist chiefly as zwitter ions 
(20). Edsall and Blanchard (22) have studied the activity ratio 


1 McCoy (17) pointed out 29 years ago that addition of alcohol affects the 
color of alkaline phenolphthalein. 

? In this connection, it is pertinent to point out that certain published 
statements should not be construed too literally (21). The zwitter ion con- 
cept involves two oppositely charged groups in the amino acid molecule; 
i.e., @ basic and an acidic group. Any excess numbers of either acidic or 
basic groups are not to be regarded as zwitter ions. This statement applies 
also to proteins. In very few, if any, proteins is the number of basic groups 
exactly equivalent to the number of acidic groups; usually there is an ex- 
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between the zwitter ion and the undissociated form of certain 
amino acids by determining the dissociation constants of the ethyl 
esters of the amino acids. They found that the zwitter ion form 
overwhelmingly preponderates in water and that in 90 per cent 
alcohol the zwitter ions still far outnumber the uncharged mole- 
cules.* 

The following factors must be considered in the determination 
of apparent dissociation constants in ethanol-water mixtures: 
(a) The junction potential; the results of Halford (11) indicate 
that this is small in value. The high mole fraction, 0.56, of water 
in the ethanol-water mixture used in the present investigation 
would tend to make the junction potential small. (6) The effect 
of the dissociation constant of the solvent on the ionization of the 
solute; this has been discussed by Hammett (19). The present 
results are interpreted on a comparative basis. The determina- 
tions were carried out in so far as possible under identical conditions, 
so that this factor does not affect the conclusions (cf. Brénsted 
(24)). It should be noted that the results of Léwenherz (25) 
indicate that an ethanol-water mixture of the strength that was 
used would have a dissociation constant of about one-tenth that 
of water. (c) The influence of the dielectric constant of the sol- 
vent upon the ionization of the solute; this has been used by some 
authors to predict dissociation constants in non-aqueous solvents. 
The effect of the dielectric constant of the solvent upon the ioniza- 
tion of an electrolyte is more complex than is indicated by the 
Nernst-Thompson rule. The subject has been discussed by Brad- 
ley and Lewis (26). These authors, by reasoning from theoretical 
standpoints, evolved equations for calculating the dissociation 


cess of one or the other. These excess groups do not necessarily come 
within the scope of zwitter ions. Since, in the protein molecule, the po- 
sitions of the basic and acidic groups cannot be definitely placed at present, 
the influence of these respective groups upon each other is still a matter 
of conjecture. It is very improbable that if, for example, the protein 
or peptide contains an excess number of carboxyl groups over the 
number of basic groups, the former will be symmetrically placed with re- 
spect to the basic group, and thus statistically come under the influence of 
the latter group. It is more probable that the positions of the excess basic 
or acidic groups are such that they can be regarded as being wholly free. 

3 Czarnetzky and Schmidt (23) have shown that, in the solid state, amino 
acids must be regarded as existing chiefly as zwitter ions. 
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constants of salicylic and cyanacetic acids in ethanol-water mix- 
tures. The calculated values were in excellent agreement with 
those obtained from conductivity measurements. The appear- 
ance of complicating factors, however, makes such predictions not 
always so successful (27). The addition of ethanol to a concen- 
tration of 72 per cent lowers the dielectric constant of water, which 
at 25° is about 79, to a value in the neighborhood of 40 (28). 
Amino acids increase the dielectric constant of water; in the con- 
centrations worked with in the present investigation (0.02 to 
0.05 m), the increase, however, is very small. 

The various amino acids and related compounds used in this 
investigation were products of known purity. They were re- 
crystallized and in certain instances prepared in accordance with 
standard procedures. The glycine ethyl ester was titrated as the 
hydrochloride and cadaverine as the dihydrochloride. The amino 
acids were isolated in the free state and titrated as such. Ethanol 
was purified by distilling from a mixture containing a little sul- 
furie acid, after which aldehydes and acids were removed by the 
method of Dunlap (29). 

For the measurement of paH, aliquots of the aqueous solution 
of the particular substance were pipetted into test-tubes and vary- 
ing amounts of aqueous standard solutions of hydrochloric acid or 
of sodium hydroxide were added. Ethanol and water were then 
added so that the final solution contained 3.6 cc. of ethanol and 
1.4 ce. of water. This alcohol-water mixture will subsequently be 
referred to as ‘72 per cent ethanol.” This particular mixture was 
used, since it was found that it was the highest concentration of 
alcohol in which the amino acid mixtures were still soluble. The 
concentration of amino acids was 0.02 to 0.05 m. The paH values 
were determined at 25° with the aid of a Clark cell and a Leeds 
and Northrup type K potentiometer. A steady stream of hydro- 
gen was not passed through the solutions as it was found to cause 
evaporation of the alcoholic solution; hence the vessel was kept 
closed after the air had been displaced by passing a current of 
hydrogen through the cell for a period of about 20 seconds. 

In the calculation of the pK’ values, the usual blank correction 
was applied where necessary, 7.e. in the more acid and alkaline 
regions. The value for the blank was read from an empirically 
constructed curve obtained by addition of acid or of base to the 
ethanol-water mixture. 


I 
Apparent Dissociation Constants 


Values in aqueous 
solution 
pK’; | pK’: | pK’s 
Monoaminomonocar- 
boxylie acids 
2.36) 9.72 
Asparagine....... 2.17) 8.86 
Isoleucine........ 2.36) 9.68 
a-Amino-n-valeric | 2.36) 9.72 
acid 
y¥- * 4.02/10. 40 
4.21 10. 69) 
Monoiminomonocar- 
boxylie acid 
2.00/10. 60 
Monoaminodicar- 
boxylic acids 
Glutamic acid....| 2.19} 4.25) 9.66 
Aspartic “ 1 3.65) 9.60 
Dibasic monoacidic am-; 
ino acids 
Arginine.......... 2.02) 9.04/12. 48 
Histidine......... 1.82} 6.00) 9.17 
2.18) 8.95)10.53 
Organic bases 
Ethylamine....... 10.82 
Cadaverine....... 9.84/10. 98 
Glycine ethyl es- 
7.73 
Carboxy acids 
Acetic acid. ......| 4.70 
Monochloroacetic 
2.86 


(5) 


Values in 72 


ethanol 
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pK’ 
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6.41 


4.44 


pK? 


10.55 


10.75 
10.51 


14.1 


9.45 
10. 
10.53* 
10.53t 
10. 49§ 


Biblio- 
graphic 
er- 
ence 
No. 


(5) 


(6) 


(5) 


(5) 


Unless otherwise indicated by the reference number the values given in 
this table were obtained during the course of the present investigation. 

* 60 per cent ethanol solution. 

+ 48 per cent ethanol solution. 


¢ 72 per cent ethanol 


solution. 


§ 84 per cent ethanol solution. 


| | =| 
(1) i 
(30, 31) 
-(1) 
(5) | 
(32) 
(32) 
(21) 
(21) 10.39 
(21) 
(33) | 3 
(34) 5.63 
(35) 9.40| 
(36) 5.85 
(35) 8.95 
8.97 
9.00 
8.95 
(6) |_| 
10.32 
(37) || 
(5) | |_| 
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The pK’ values obtained are given in Table I. They are com- 
pared with the values which have been obtained in aqueous solu- 
tions at the same temperature. Certain other data are also in- 
cluded for comparison. Certain of the data are graphically 
represented in Figs. 1 and 2 in order to bring out more clearly 
the relation of the aqueous to the alcoholic titration curves. 


Acid or Base Added. 

Fig. 1. Apparent dissociation curves at 25° of ethylamine (Curves 1), 
glycine ethyl ester (Curves 2), lysine (Curves 3), arginine (Curves 4), 
glycine (Curves 5), and monochloroacetic acid (Curves 6). The solid lines 
represent the titration curves in 72 per cent (by volume) of ethyl alcohol 
and the dashed lines represent the titration curves in water. All curves 
were calculated from the pK’ values given in Table I. The scale on the 
horizontal axis is such that the length given by the arrow represents 1 
equivalent of acid or of base added. The points on the curves represent 
present experimental observations. 


DISCUSSION 


The pK’ values for the monoaminomonocarboxylic acids given 
in Table I show that the effect of the alcohol is to increase the 
value of pK’, (aqueous solution) about 50 per cent. An increase 
in the pK’; value is also noted. It is, however, much smaller and 
more irregular than the increase in the pK’; values. On the basis 
of these observations the statement of Van Slyke and Kirk (3), 
“There are in each such amino acid two buffer groups, with pK’ 
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values in the neighborhood of 2 and 9.5 . . .,” may be amplified 
as follows: these values are raised respectively to about 3.5 and 
9.8 in 72 per cent ethanol. 

With this statement as a guide, it was found possible to make 
some interesting deductions relating to the naturally occurring 
diacidic and dibasic amino acids. The effect of increasing the 
distance in the molecule between the amino group and the carboxy] 


One Equiv. 


Acid or Base Added 

Fig. 2. Apparent dissociation curves at 25° of cadaverine (Curves 1), 
glutamic acid (Curves 2), asparagine (Curves 3), and acetic acid (Curves 
4). The solid lines represent the titration curves in 72 per cent (by volume) 
of ethyl alcohol and the dashed lines represent the titration curves in water. 
All curves were calculated from the pK’ values given in Table I. The scale 
on the horizontal axis is such that the length given by the arrow represents 
1 equivalent of acid or of base added. The points on the curves represent 
present experimental observations. 


group in a monoaminomonocarboxylic acid will be considered 
first. It has been shown by Schmidt, Appleman, and Kirk (38) 
that the values for pK’; and pK’, are increased by increasing the 
distance between the amino and the carboxyl groups. In terms 
of the zwitter ion theory this effect, as would be expected, is to 
decrease the acidity and to increase the basicity of the amino acid. 
The effect of alcohol on the pK’: value of an a-monoaminomono- 
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carboxylic acid as shown by the present data is an anomalous one, 
for it has been shown by Mizutani (6) that the effect of the added 
alcohol is to lower the pK’ value of an organic base. If it be as- 
sumed that the proximity of the carboxyl group is responsible for 
the anomaly, then the effect on pK’: of increasing the distance 
between the amino and the carboxyl groups should be relatively 
less in 72 per cent alcohol than in water. To test this hypothesis, 
the effect of alcohol on the pK’ values of a-, y-, and 6-amino-n- 
valeric acids was determined. The data which are given in Table 
I confirm the anticipation. When the distance between the amino 
group and the carboxyl group was increased, although the pK’: 
value was increased in the alcohol-water mixture, this increase 
was less than a similar increase in the pK’, values when the amino 
acid was dissolved in water. In the case of y-amino-n-valeric 
acid the values of pK’, in water and in 72 per cent alcohol are 
identical. On the other hand, the proportionate increase in the 
values of pK’; in water and in 72 per cent alcohol with increasing 
distance of the carboxyl from the amino group is approximately 
the same. This is in harmony with evidence to be brought out 
later that the effect of alcohol in increasing the value of the car- 
boxyl group is a fairly constant one and is very little affected by 
varying the groups substituent to the carboxyl. 

A dicarboxylic amino acid should show two pK’ values in the 
neighborhood of paH 2 and 9.5 respectively, corresponding to the 
carboxyl and amino groups attached to’the a-carbon atom. The 
third pK’ value should lie in the neighborhood of 4.0 because with 
the strengthening influence of the amino group decreased by its 
distance from the carboxyl group, the second carboxyl group 
should have a pK’ value approaching that of a simple aliphatic 
acid such as acetic acid. In addition, the pK’ value of the second 
carboxyl group of glutamic acid should be slightly greater than 
that of the second carboxyl group of aspartic acid because the 
strengthening influence of the amino group is further removed 
from the carboxyl group in the case of glutamic acid. By block- 
ing the second carboxyl group, e.g. by converting aspartic acid 
into asparagine, a substance is produced with only two pK’ values‘ 

4 Theoretically, a pK’ value corresponding to the —CONH; group should 
be measurable. The dissociation of this group is probably too small to be 
of significance. 
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both corresponding to those of an a-monoaminomonocarboxylic 
acid. In the case of asparagine, the influence of alcohol on the pK’ 
values should be the same as in the case of an amino acid such as 
alanine. 

An inspection of Table I reveals that the aforementioned antici- 
pations are realized. The effect of alcohol in increasing the pK’ 
value of the amino group of the dicarboxylic amino acids is greater 
than in the case of the amino group of a monocarboxylic amino 
acid. The increased influence is probably due to the presence of 
the second carboxyl group in the molecule, since the increase is 
0.91 for aspartic acid and only 0.24 for asparagine. 

Titration curves of the three hexone bases in alcoholic solution 
were carried out. An examination of the differences in the pK’ 
values of histidine in water and in 72 per cent alcohol shows that 
the influence of alcohol is to increase the pK’; and pK’; values, 
while the pK’, value corresponding to the second basic group is 
lowered. On the other hand, in the case of arginine, all of the three 
pK’ values are increased in alcoholic solution. Lysine was titrated 
in four different concentrations of alcohol. The pK’ values were 
obtained from the pG’ values according to Simms (39). Michaelis 
and Mizutani (5, 6) found that there was an increase in the pK’ 
values of organic bases and a decrease in the pK’ values of carboxy 
acids with increasing concentration of alcohol. In the case of 
glycine, however, they found that only the pK’, value exhibited 
this progressive change; the pK’, value showed a slight irregular 
increase with a maximum in the neighborhood of 80 per cent alco- 
hol. The data for lysine given in Table I show a somewhat similar 
effect as a result of increasing the concentration of alcohol. If 
the increase in the pK’; values of lysine is plotted against increase 
of aleohol concentration, a curve is obtained which lies very close 
to a curve similarly plotted for glycine. The values for pK’: 
of lysine exhibit a slight irregular increase with increasing con- 
centration of aleohol; this behavior is similar to that of glycine. 
The addition of alcohol does not influence the pK’; value of lysine. 

Mizutani (6) showed that the pK’ values of aliphatic amines are 
lowered by the addition of aleohol. The values given in Table I 
show that alcohol lowers both pK’ values of cadaverine. The 
effect stands in contrast to that found in the case of lysine. 

It was anticipated that if the carboxyl group of glycine were 
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blocked as in the case of glycine ethyl ester, the pK’ value of the 
amino group would not be increased but lowered by the addition 
of alcohol, as in the case of an amine. The pK’ figures for glycine 
ethyl ester bear out the prediction. A similar result has been 
reported and similarly interpreted by Edsall and Blanchard (22) 
who titrated the ethyl ester hydrochlorides of alanine and leucine 
in water and in 90 per cent alcohol. 

From the foregoing the conclusion may be drawn that (a) the 
zwitter ion hypothesis can be applied to amino acids when dis- 
solved in aleohol-water mixtures; (b) the effect of ethanol is to in- 
crease markedly the pK’ value of the carboxyl group; (c) the effect 
of ethanol on the pK’ value of an amino group is dependent upon 
the substituent groups in the molecule. A slight increase in pK’ 
is produced if the amino acid contains an a-carboxyl group. If the 
carboxyl group is moved a sufficient distance from the amino 
group, there may be a decrease in the pK’ value. Dicarboxylic 
amino acids show a decided increase in the pK’ value. 

The effects of the polyhydric alcohols, glycerol and mannitol, 
upon the dissociation constants of glycine were examined. This 
amino acid was titrated in aqueous solution, in glycerol solutions 
containing 20 and 40 per cent by weight of glycerol dissolved in 
water, and in mannitol solutions containing 2 and 4 per cent by 
weight of mannitol dissolved in water. The usual necessary blank 
titrations were carried out. The pK’; value of glycine at 25° was 
2.37 in water, 2.49 in 20 per cent glycerol, 2.48 in 40 per cent 
glycerol solution, 2.45 in 2 per cent mannitol, and 2.35 in 4 per 
cent mannitol solution. The corresponding pK’: values were, re- 
spectively, 9.72, 9.67, 9.63, 9.63, and 9.66. The effect of the polyhy- 
dric alcohols upon the pK’ values of glycine is small. The be- 
havior of glycine is in marked contrast to that of boric acid whose 
dissociation constants are markedly increased by the additions of 
mannitol (40). Léffler and Spiro (41) observed that the addition 
of glycerol to an aqueous solution of glycine required an increase 
in the amount of sodium hydroxide necessary to neutralize the 
solution to phenolphthalein. The present data tend to indicate 
that the effect of glycerol is upon the indicator rather than upon 
the amino acid.® 

5 It might be expected that the dielectric constant of the solvent would 
influence the pK’ values of thedissolved amino acid. That there is no 
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The values given by Michaelis and Mizutani (5, 6) for the effect of 
various concentrations of ethyl alcohol upon the pK’ values of 
certain organic acids have been interpolated so as to obtain the 
values corresponding to 72 per cent ethanol. The average increase 
in the pK’ values of twenty-seven monobasic and dibasic organic 
acids, expressed as a percentage of the pK’ value in aqueous solu- 
tion, is 46 + 3.5 per cent. A similar analysis of the changes in 
pK’; values of fifteen amino acids caused by the addition of ethanol 
was found to be 48 + 10 per cent. The correspondence between 
the two sets of values is striking. No such correspondence is pos- 
sible in terms of the classical theory of amino acid dissociation. 
The depressant effect of alcohol upon the dissociation of a carboxyl 
group is evidently changed but little by the nature of the groups 
substituent to the carboxyl group. 


SUMMARY 


1. With the aid of the hydrogen electrode, the pK’ values of 
certain amino acids, when dissolved in ethanol-water mixtures, 
were determined. Similarly, the pK’ values of glycine in aqueous 
mannitol and glycerol solutions were estimated. 

2. Ethyl alcohol was found to decrease the dissociation of the 
buffer groups which represent in terms of the zwitter ion theory 
the carboxyl groups of the amino acids examined. This is in 
harmony with the effect of ethanol upon the dissociation constants 
of many other carboxylic acids. 

3. The addition of ethanol was found to increase slightly the pK’ 
values corresponding to the a-amino groups of the amino acids 


simple relationship is shown by the following measurements of the pK’ 
values for glycine in a number of solvents of widely differing dielectric con- 
stants: water (dielectric constant = 79) pK’, = 2.37, pK’: = 9.74; 72 per 
cent alcohol (dielectric constant = 40) pK’; = 3.46, pK’: = 9.82; 76.4 per 
cent by volume acetone (dielectric constant = 35) pK’; = 3.48, pK’: = 
9.17; 20 per cent urea (dielectric constant = 88) pK’; = 2.97, pK’: = 9.87. 
The influence of the various solvents is chiefly on the pK’, values. The 
pK’» values are relatively little influenced. This is in agreement with 
the statement of Halford (34) that the dissociation of an uncharged acid, 
e.g. acetic acid, should be much more sensitive to changes in the dielec- 
tric constant of the medium than the dissociation of a charged “‘acid,’’ 
¢.g. ammonium ion. 
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studied. This effect has previously been overlooked in titrating 
amino acids in ethanol solutions with phenolphthalein as indicator, 
since the effect of the alcohol is primarily upon the indicator and 
not upon the amino acid. 

4. The effect of glycerol and mannitol upon the pK’ values of 
glycine is slight. 

5. The evidence presented harmonizes with the idea that the 
amino acids exist in ethanol-water mixtures, as in aqueous solu- 
tion, chiefly as zwitter ions. 
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Reports on the lipase actions of a number of tissues of various 
animals were presented in various papers some years ago. Similar 
results for serum, and in several cases whole blood and plasma, will 
be given here. 


EXPERIMENTAL 


The experimental methods used were essentially the same as 
those described in the earlier papers. The serums, except for the 
horse serums, were tested the day after the blood was drawn. 
The horse serums stood longer, but were sterile as obtained. The 
diluted serums were brought to pH 7.0 as determined colorimetri- 
cally. For the enzyme tests, 15 cc. portions of the diluted ma- 
terials were incubated for 22 hours at 37° in the presence of toluene 
with 3.4 milli-equivalents of each of the ten esters. The amount 
of acid formed by the lipase during the incubation was determined 
by titration with 0.1 N sodium hydroxide solution, with phenol- 
phthalein as indicator. The customary blanks were run and 
corrections introduced. 

The ester-hydrolyzing actions obtained are shown in Table I 
for a number of the serums, plasmas, and whole bloods. The 
dilutions are given as volume of lipase material plus the added 
volumes of water. A number of the results given are averages of 
similar series, generally agreeing reasonably closely. The two 
series on rat serum, dilution 1 + 9, Series A and B, refer to two 
similar series, differing too greatly in absolute action to be aver- 
aged, although the relative or percentage actions on the different 
esters are found to be much the same. The results on rat blood, 
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dilutions 1 + 75, were obtained for Series D with blood of a rat 
aged 2} months, for Series E with blood of a rat aged 1 year, 10 
months. The results for rat serum, Series A, B, and C, were 
obtained on rats agéd from 6 to 9 months. 


TABLE I 


Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced by Serum, Plasma, and Whole Blood at Indicated Dilutions 


Sheep serum Sheep plasma 
141/142] 143/149] 149 
4.28 | 3.32 | 2.31 | 1.14 | 4.58 | 3.48 | 2.93 | 1.38 
ee 1.86 | 1.11 | 0.84 | 0.34 | 1.99 | 1.24] 1.11 | 0.54 
MeOCOPYr.......... 1.14 | 0.74 | 0.47 | 0.18 | 1.14 | 0.74 | 0.72 | 0.21 
PhCH:.OAc......... 0.87 | 0.51 | 0.34 | 0.14 | 0.72 | 0.53 | 0.43 | 0.17 
NS < ccitusa chad 1.83 | 1.12 | 0.71 | 0.22 | 1.10 | 0.79 | 0.65 | 0.18 
ee 1.77 | 1.20 | 0.76 | 0.27 | 1.35 | 0.94 | 0.66 | 0.24 
EtOCOPr........... 0.90 | 0.61 | 0.35 | 0.10 | 1.00 | 0.59 | 0.64 | 0.11 
I oo ida ecleaetct 0.65 | 0.43 | 0.20 | 0.10 | 0.43 | 0.26 | 0.18 | 0.04 
RESP RA 0.51 | 0.29 | 0.18 | 0.06 | 0.26 | 0.26 | 0.16 | 0.05 
IsobuOAc........... 1.29 | 0.86 | 0.56 | 0.26 | 1.04 | 0.76 | 0.54 | 0.23 
Ox 

Ratserum Rat blood | se- | 
56/0. 27/0 .66/2.41/1.24 
MeOCOPr............. 2. 08/3 .36/1.62)0 . 48/0 27/0 82/4. 04/3. 18/2.09)0.93 
PhCH.OAc............ 1. 94/3 . 23/1. 38/0 38/2 
1.68/2.68: 5510. 36/0. 21/0. 36/2 94/2. 13)1.22)0.54 
1.52/2.20 36/0. 26/0. 27/0. 53/2. 79/2 .25)1. 26/0 .49 
2.10)3 .42 66/0 .31)0. 08/0 .32)3 .89/2.80)1.76/0.83 
. 5610.63 02/0 .00/0 .02/0 43/0. 70/0. 52/0 .21/0.10 
(0.5410 .57 .00/0 04/0. 10/0. 51/0 .37)0. 15)0.07 
IsobuOAc............. 1.82/2.84 0. 46/0. 30/0. 24/0. 42/3. 25/2. 60)1.73/0.80 


The results on human serum, averages of five series of experi- 
ments, were secured with material obtained by Dr. Richard M. 
Brickner in connection with a different experimental study pub- 
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lished elsewhere.'!. Thanks are due Dr. Brickner for permission 
to include these results here. 
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Fie. 1. Serum. Relative lipase action of sheep, human, rat, and horse 
serums. Each curve represents the average of the action of the diluted 
serum in the different cases. 


It was found in the earlier work that more significant relations 
could be developed by plotting the relative actions on the different 


' Brickner, R. M., Bull. Neurol. Inst. New York, 2, 119 (1932). 


em 

XUM 


376 Studies on Enzyme Action. XLVII 


esters, placing the greatest action in any one series equal to 100, 
and calculating and plotting the actions on the other esters in 
terms of this action. This has been done for some of the serums 
shown in Fig. 1. The plots are made for the averages for the first 
three dilutions for sheep serum (the plots for the corresponding 
actions of plasma are practically identical, while the action for the 
most dilute sheep serum was so little that the errors in calculating 
the plots would be disproportionately large); for the results on 
human serum, as shown; for the averages for rat serum of three 
series of dilution 1 + 9; and for the average horse serum series of 
dilution 1 + 19, 1 + 39, and 1+ 79. 

The curves given in Fig. 1 showed some marked differences. 
The values for sheep serum were small for the nine esters when 
compared to phenyl acetate. For human serum, the methyl 
esters gave greater action than the ethyl esters, while for each 
of the other serums the action was much the same. Horse serum 
was also characterized by high glyceryl triacetate values, while 
rat serum and normal horse serum showed high isobutyl acetate 
values. For sheep serum the acetate values (methyl and ethyl) 
were considerably greater than the corresponding butyrate values, 
while the reverse was the case (butyrate greater than acetate) 
for rat and horse serums. These comparisons could be extended, 
but enough has been stated to show that definite differences 
between the various serums existed. 

Horse serum showed the greatest ester-hydrolyzing action, 
followed by rat serum as next greatest. The action of human 
and sheep serums was of the same order of magnitude but less, 
while the one series obtained with ox serum gave the least action. 
Sheep plasma, prepared with 0.5 per cent of sodium citrate, gave 
slightly more action than did the sheep serum. 

It is difficult to interpret these results in comparison with similar 
results obtained with the various tissues of the different animals 
at the present time. They are presented for purposes of record 
and for any practical aid they may afford to others working with 
serum. A more extended study of horse serum will be presented 
in Paper XLVIII following. 
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SUMMARY 


The hydrolyzing actions of rat, horse, sheep, human, and ox 
serums, sheep plasma, and rat blood on ten different esters under 
standardized conditions are presented as absolute and relative 
actions, as in previous papers, and the comparative relations 
briefly discussed. 
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By K. GEORGE FALK anp GRACE McGUIRE 
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Hospital Medical College, New York University, New York) 


(Received for publication, March 16, 1934) 


In Paper XLVII preceding, the lipase or ester-hydrolyzing 
action of serum of a number of different animals was described. 
These actions were studied under standardized conditions includ- 
ing an initial pH value of 7.0 as determined by colorimetric 
methods. Horse serum exerted the greatest action under the 
given conditions. A more extended study of the ester-hydrolyzing 
action of horse serum under various conditions will be presented in 
this paper, as well as a comparison by different methods of the 
hydrogen ion concentration of these serums. 


EXPERIMENTAL 


The ester-hydrolyzing action was determined in the manner 
described in the preceding and earlier papers unless stated differ- 
ently. The normal horse serum and other material were kept at 
room or ice box temperature until diluted and used. The action 
was quite marked for the undiluted serum, so that in the various 
experiments the serums were diluted with water to give more 
readily comparable results. In every case, the action presented 
in Tables I to VI was obtained by incubating for the specified times 
at 37°, with toluene present, 15 cc. of the enzyme mixture or solu- 
tion and 3.4 milli-equivalents of esters (in Table III double the 
quantity of ester). The amount of acid formed by the lipase dur- 
ing incubation was determined by titration with 0.1 N sodium 
hydroxide solution, with phenolphthalein as indicator. The 
customary blanks were run and corrections introduced. The 
hydrogen ion concentration was determined in all cases by Clark and 
Lubs indicators ((1) p. 94) and in some instances with the Hellige- 
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Klett comparator. The values obtained by the different colorimet- 
ric determinations were essentially the same, except as noted below. 
Diluted horse serum to which small amounts of acid and alkali were 
added was studied in thisway. In addition, determinations with the 
glass electrode were made on a number of these solutions at various 
times. These determinations were made through the courtesy of 
Dr. Franz Schmelkes of the Wallace and Tiernan Company, Dr. 
Llazlo Reiner of the Burroughs Wellcome and Company Labora- 
tories, and Dr. J. M. Nelson of Columbia University. The hydro- 
gen ion concentrations obtained by the glass electrode (the results 
found in the three laboratories agreeing very closely in most cases) 
were quite different in a number of instances from those found 
colorimetrically. Results for different serums at different dilu- 
tions varied somewhat, so that the presentation of a graph to 
coordinate these differences is inadvisable at present. The extent 
of the differences may, however, be indicated briefly. For dilu- 
tions of horse serum 1 + 19 and with different amounts of acid or 
alkali added, the colorimetric and glass electrode methods gave 
the same values at about pH 6.0. In solutions more alkaline than 
pH 6.0, the determinations by the colorimetric methods were more 
acid than those found with the glass electrode; in solutions more — 
acid than pH 6.0, the determinations by the colorimetric method 
were more alkaline; for example, colorimetric, pH 4.0, glass elec- 
trode, pH 3.2; colorimetric, pH 5.0, glass electrode, pH 4.6. For 
horse serum diluted with water 1 + 19 brom-thymol blue gave pH 
6.8, phenol red pH 7.2 to 7.3, the glass electrode pH 7.4. This was 
the only case observed in which the results with two indicators 
showed such a marked difference. Presumably the values found 
with the glass electrode represented more nearly the true hydrogen 
ion concentration in all cases. A number of estimations by Dr. 
Reiner on the acid solutions, with a quinhydrone electrode, gave 
values agreeing very closely with those obtained with the glass 
electrode. It must be emphasized, however, that these discrep- 
ancies or differences in pH determination by the different methods 
apply so far only to horse serum (diluted) as such. Whether 
protein materials (such as antitoxins, etc.) obtained from horse 
serum or plasma show similar variations is under investigation. 
The hydrogen ion concentrations given in Tables I to VI are 
the glass electrode values determined either directly or by com- 
parison with the colorimetric estimations of similar solutions. 
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The ester-hydrolyzing actions at 37°,for 22 hours for different 
initial hydrogen ion concentrations are shown in Table I. 

Concerning the change in lipase activity with changing hydrogen 
ion concentration, the striking feature of the results shown in 
Table I was the sharp drop somewhere between pH 4.5 and 4.0. 
The activity gradually increased from pH 4.5 to 7.4. The action 
at pH 8.8 (not shown in Table I) was much the same as at pH 7.4. 
There was no maximum pH observable for the action under the 
given conditions (2). The degree of change in the lipase action 
with changing initial hydrogen ion concentration was much the 
same for all the esters except phenyl acetate, for which it decreased 


Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced by Dilute Normal Horse Serum at Different Initial Hydrogen 
Ton Concentrations 


Dilution 1 + 19 Dilution 1 + 79 
3. 12/2. 13/1. 45/0. 15/0. 16|0. 10]1 24/0. 80/008 
2. 40/1 .58/1 03/0. 12/0 
14/0 
1.62/0 94/0. 60/0. 1510. 16/0. 15/0. 4910. 23/0. 20 
10/0.04/0.00 
10. 23|0..3910. 17/0 . 03/0 
2.29/1 48/0 91/0 .02/0.01/0.00/0. 80/0. 50/0 .02 


somewhat less rapidly with increasing acidity than did the action 
on the other esters. There was not much buffer action in these 
dilute solutions. 

Naturally the different samples of serum show different magni- 
tudes of lipase action. The results presented here are typical. 
While other series may show greater or less action, the general 
relations are essentially the same. The types of action or curves 
of relative actions were given in the preceding papers. For the 
purpose in view here, these curves are not as significant as the 
absolute action. If desired, the relative actions can readily be 
calculated from the results given. 
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Some results bearing upon the stability of these serum enzyme 
actions are presented in Table II. Different portions of serum, 
dilution 1 part of serum plus 19 of water, were kept at pH 7.4, 
6.0, 4.6, and 3.9 for 24 hours at 37° and the ester-hydrolyzing 
action for serum after incubation with the esters for 22 hours at 
37° was then determined at (1) these same pH values and (2) after 
being brought to pH 7.4. 

The stability of the action at the different hydrogen ion concen- 
trations under the indicated conditions is of interest. The action 
was not decreased at all when the solutions were kept at pH 7.4, 
6.0, or 4.6 at 37° for 24 hours, and determined at these same 


II 
Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced by Normal Horse Serum after Standing at Different Hydrogen 
Ion Concentrations and Then Determined 


Kept at 37° 24 hrs. atpH.| 74 6.0 46 3.9 6.0 4.6 3.9 |Control 
Then determined at pH.. 74 74 74 74 6.0 46 3.9 74 
DR eee ccsades 4.18 | 3.34 | 3.07 | 0.71 | 3.05 | 2.31 | 0.05 | 4.37 
GI(OAe)s............ 7 2.41 | 2.45 | 0.19 | 1.89 | 1.34 | 0.13 | 3.12 
MeOCOPr.......... 2.52 | 1.77 | 1.78 | 0.25 | 1.52 | 0.94 | 0.07 | 2.40 
PhCH,OAc.......... 1.64 | 1.13 | 1.09 | 0.13 | 0.90 | 0.66 | 0.02 | 1.68 
IT 1.79 | 1.29 | 1.18 | 0.05 | 1.02 | 0.61 | 0.12 | 1.77 
MeOAc............. 1.60 | 1.13 | 1.14 | 0.06 | 0.89 | 0.60 | 0.11 | 1.62 
EtOCOPr........... 2.41 | 1.79 | 1.73 | 0.04 | 1.49 | 0.96 | 0.01 | 2.38 
MeOBz............. 0.41 | 0.38 | 0.33 | 0.00 | 0.30 | 0.25 | 0.00 | 0.36 
Sees 0.33 | 0.22 | 0.24 | 0.00 | 0.27 | 0.20 | 0.05 | 0.23 
IsobuOAc........... 2.24°| 1.59 | 1.49 | 0.02 | 1.31 | 0.85 | 0.00 | 2.29 


values. The actions given in Table I for this serum determined 
at a different time at these acidities show this when compared with 
those in Table II. However, when the solutions were kept at pH 
6.0 and at 4.6 and then brought back to pH 7.4 and the action 
tested, decreases were observed. However, the decreases were 
practically the same for these two solutions. It would appear 
that a certain amount of the enzyme was permanently inactivated 
at pH 6.0 or 4.6 and this amount was not increased at more acid 
conditions up to pH 4.6. When kept at pH 3.9 at 37° for 24 hours 
and then determined at pH 3.9, practically no action was observed. 
When brought back to pH 7.4, fair action was obtained on phenyl 
acetate, but little or no action on the other esters. 
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In connection with the results presented in Tables I and II, it 
may be stated that in some of the series the hydrogen ion concen- 
tration was determined after the enzyme action had proceeded 
the stated 22 hours. The final values obtained ranged between pH 
3.9 and 4.3 for all the esters regardless of whether the action had 
been started at pH 4.6 or 7.4. This fact is significant in that the 
lesser action on certain of the esters resulted in as much change in 
hydrogen ion concentration as did the greater action. 

The actions after different lengths of time and with the usual 
and double quantities of ester are presented in Table III. 


Taste III 
Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced by Dilute Normal Horse Serum after Different Periods of Time 
and with Different Quantities of Esters 


pH 7.4; serum dilution 1 + 19. 


Usual ester quantities | Double ester quantities 

4brs, | 22 hrs. | 48 hrs. | 4 hrs. | 22 hrs. | 48 hrs. 
4.01 | 4.19 | 4.42 | 4.35 | 4.99 | 4.65 
2.87 | 3.28 | 3.28 | 3.41 | 3.80 | 3.71 
SN snc cvkowewhecaknabenat 1.79 | 2.72 | 2.61 | 2.45 | 3.08 | 3.05 
RS ncinncenweusennwiens 0.71 | 1.86 | 1.86 | 1.24 | 2.04 | 2.00 
1.21 | 1.85 | 2.01 | 1.45 | 1.94 | 1.92 
hs ce acuindaeeeddawrkee 0.86 | 1.72 | 1.80 | 1.34 | 1.73 | 1.89 
1.39 | 2.60 | 2.54 | 1.54 | 3.24 | 3.01 
eee oe ee 0.01 | 0.32 | 0.58 | 0.06 | 0.36 | 0.69 
0.00 | 0.16 | 0.48 | 0.00 | 0.26 | 0.57 
1.43 | 2.17 | 2.36 | 1.96 | 3.00 | 2.80 


No increases were observed for 48 hours as compared to 22 hours. 
The velocities on different esters were different. The action on 
phenyl acetate and glyceryl triacetate was most rapid and did not 
proceed much further after 4 hours. On the other hand, the action 
on the remaining esters increased greatly (except for the benzoic 
esters) after 4 hours. Doubling the amount of the esters increased 
the action to a comparatively small extent if at all. 

It might be considered that the action stopped when the mix- 
tures became sufficiently acid. The results given in Table II, 
which show that the final mixtures had the same acidity even with 
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different degrees of action with the different esters, prove this 
explanation to be incomplete. The same relation is shown in the 
results of Table IV where the actions are given for four esters for 
5 hours with different pre-treatments, and determination of the 
pH values after the 5 hour actions. 


TaBLeE IV 
Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced and Changes in Hydrogen Ion Concentrations of Dilute Nor- 
mal Horse Plasma with Different Initial Hydrogen Ion Concentrations 


Plasma dilution 1 + 79; time of action, 5 hrs. 

Determined immediately |5-10°, 18 hrs.; then determined 
6.7 46/43 | 39 3.71] 69 | 46143 | 3.9 | 3.7 
pH after actions........... 3.9 13.9 |3.9 |3.9 13.7 [3.9 13.9 |3.7 
pH after actions........... 3.9 |3.9 |3.9 |3.9 |3.7 |4.2 |3.9 |3.8 
pH after actions........... 3.9 |3.9 |3.9 |4.2 |3.9 [3.9 |3.7 
10. 46/0. 25/0. 21/0.01/0 .35)0. 25/0 . 23}0. 10/0 .00 
pH after actions........... 4.2 |3.9 |3.9 |3.9 |3.7 2 |3.9 |3.9 |3.8 |3.7 

37°, 18 hrs.; then determined 

6.9 43 3.9 3.7 
3.8 3.9 3.9 3.7 


The stability of the serum lipase at 37° is again shown by the 
results in Table IV. Only when kept at pH 3.9 and 37° for 18 
hours had the action become 0. Decreased action was observed 
at pH 4.6; at pH 4.3 the action was about half that at pH 6.9; it 
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then dropped markedly at pH 3.9 and became 0 throughout at 
pH 3.7. Standing at pH 3.9 and at lower temperatures for 18 
hours caused greatly decreased action, so that it is probable that 
longer standing would result in 0 action (similar to the results of 
standing at 37°). As stated before, the final pH values ranged 
between 3.9 and 4.2 when the initial values were 4.3 or greater. 
In view of the differing extent of action on the different esters in 
any one series and the similarity, in many cases identity, of these 
final values, it would seem that the rapidity of attainment of this 


TaBLE V 
Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced by Diiute Normal Horse Serum with and without Added Serum 
Albumin with Different Initial Hydrogen Ion Concentrations 


Serum dilution 1 + 79 
pH 7.4 pH 4.6 pH 3.7 

added per en added 
1.89 | 1.92 | 1.35 | 1.97 | 0.09 | 0.04 
1.24 | 1.45 | 0.80 | 1.19 | 0.08 | 0.03 
0.93 | 1.19 | 0.51 | 0.92 | 0.03 | 0.01 
cha 0.53 | 0.76 | 0.21 | 0.57 | 0.01 | 0.00 
0.54 | 0.72 | 0.29 | 0.49 | 0.14 | 0.09 
a 0.49 | 0.65 | 0.23 | 0.46 | 0.20 | 0.22 
0.83 | 1.12 | 0.48 | 0.87 | 0.01 | 0.02 
0.10 | 0.21 | 0.04 | 0.10 | 0.00 | 0.01 
0.07 | 0.09 | 0.04 | 0.08 | 0.00 | 0.00 
0.80 | 1.04 | 0.50 | 0.74 | 0.02 | 0.00 


acid condition was not the only factor involved in terminating the 
action. It undoubtedly is an important influence, however, and 
if some speculation may be permitted in this connection, it may be 
suggested that the acid acts by inactivating the lipase and that 
this inactivation may be comparatively rapid in more acid mixtures 
but slow in the less acid. 

The results presented in Table V, of adding serum albumin to 
the serum, may be interpreted similarly. The presence of serum 
albumin increased the action at pH 7.4 (except for pheny! acetate) 
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Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
- Produced and Changes in Hydrogen Ion Concentrations by Dilute Normal 
Horse Serum with and without Added Serum Albumin with Different 
Initial Hydrogen Ion Concentrations 
Actions at serum dilution 1 + 79. 
The figures in parentheses denote final pH values. 


| thr. | Shrs, Shrs, | | 22 hrs, 
Initial pH 7.4 
1.07 (4.9)| 1.69 (4.3)} 1.99 (4.2)| 1.88 (3.9)| 1.92 (4.2) 
Gl(OAe)3........... 0.59 (4.9)| 1.13 (4.4)} 1.39 (4.2)/ 1.18 (4.2)} 1.29 (4.2) 
MeOCOPr.......... 0.19 (4.9)| 0.39 (4.4)| 0.63 (4.3)| 1.08 (4.2)|0.97 (4.2) 
PhCH,OAc......... 0.09 (4.9)| 0.17 (4.4)|0.29 (4.3)| 0.53 (4.2)) 0.56 (4.2) 
Initial pH 4.6 
0.80 (4.5)| 1.28 (4.2)) 1.54 (4.2)] 1.39 (3.9)| 1.37 (4.2) 
0.38 (4.6)|0.70 (4.2)| 0.74 (4.2)| 0.66 (4.2)|0.72 (4.2) 
MeOCOPTr.......... 0.12 (4.6)|0.32 (4.2)| 0.32 (4.3)| 0.39 (4.2)| 0.43 (4.2) 
PhCH,OAe......... 0.06 (4.6)|0.10 (4.2)|0.16 (4.3)| 0.18 (4.2)|0.21 (4.2) 
Initial pH 3.7 
0.06 (3.9)| 0.24 (3.7)| 0.06 (3.7)| 0.04 (3.9)| 0.04 (3.8) 
0.00 (3.9)| 0.00 (3.7)| 0.00 (3.7)| 0.00 (3.9)| 0.04 (3.8) 
MeOCOPr.......... 0.00 (3.9)|0.00 (3.7)| 0.00 (3.7)| 0.00 (3.7)| 0.00 (3.8) 
PhCH,OAc......... 0.00 (3.9)| 0.00 (3.7)} 0.00 (3.7)| 0.00 (3.7)| 0.00 (3.8) 
Initial pH 4.6; serum albumin 1.9 mg. per ce. 
1.06 (4.3)| 1.76 (4.3)| 2.14 (4.3)| 1.85 (4.3)) 2.08 (4.2) 
GI(OAc)3........... 0.68 (4.3)| 1.14 (4.4)| 1.46 1.14 (4.3)| 1.17 (4.2) 
MeOCOPr.......... 0.18 (4.6)|0.46 (4.4)| 0.66 (4.3)|0.98 (4.3)| 1.00 (4.2) 
PhCH,OAc......... 0.04 (4.6)| 0.14 (4.4)| 0.36 (4.3)| 0.64 (4.3)| 0.70 (4.2) 
Initial pH 3.7; serum albumin 1.9 mg. per cc. 
er 0.00 (3.7)| 0.00 (3.7)| 0.04 (3.7)| 0.06 (3.8)| 0.01 (3.8) 
GI(OAc)s3........... 0.00 (3.7)| 0.00 (3.7)| 0.00 (3.7)|0.01 (3.8)} 0.01 (3.8) 
MeOCOPr.......... 0.00 (3.7)| 6.00 (3.7)| 0.00 (3.7)| 0.00 (3.8)| 0.00 (3.8) 
PhCH.OAc......... 0.00 (3.7)| 0.00 (3.7)| 0.00 (3.7)| 0.00, (3.8)| 0.00 (3.8) 


and at pH 4.6. Following the discussion just given, the explanation 
of retaining or maintaining the stability of the active grouping, as 
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outlined also in another connection (2), may be proposed. At pH 
3.7, there was no action either with or without albumin. 

Results bearing on this same problem are presented in Table VI. 
Action of a highly diluted serum with and without added serum 
albumin at initial pH values of 7.4, 4.6, and 3.7 was measured on 
four esters for 1 to 24 hours incubation at 37°. The final pH values 
are given in parentheses. 

A few irregularities are apparent in a detailed consideration of 
the results, but in the main they are quite uniform. At pH 3.7 
initially, no action was obtained with or without albumin. At pH 
4.6, the pH values after the different time intervals in the presence of 
albumin appear to decrease more slowly than in its absence, but 
the action was considerably greater. Also, the action at pH 7.4 
initially without albumin was practically the same as that obtained 
at pH 4.6 initially with albumin, although the pH values decreased 
much more slowly with the former. These results confirmed the 
view that the change in acidity was not the only and possibly not 
the main factor involved. 


DISCUSSION 


The experimental results presented here speak for themselves, 
so that the discussion of them can be brief. Horse serum appears 
to be a very satisfactory enzyme material for the study of ester- 
hydrolyzing actions. The values showed a sharp drop practically 
to 0 between pH 4.5 and 4.0, but no maximum in the more alkaline 
regions. The results of the action after treatments at different 
acidities might well be interpreted as caused by different enzymes. 
One enzyme was perhaps inactivated more rapidly in the slightly 
more acid solution (Table II). Also, the greater stability of the 
action on phenyl acetate in comparison with the action on the 
other esters could be interpreted similarly. This raises again the 
question of the significance of different esterases. The view was 
expressed some time ago (3) that such enzyme action was due to 
a definite chemical grouping whose specificity was determined in 
part, at any rate, by the atoms or groups combined with it, and 
whose stability was dependent upon the rest of the (possibly 
colloidal) molecule. Evidence bearing on this problem was pre- 
sented in different connections at that time and also in a recent 
paper (4). Similar views were expressed much earlier by Perrin 
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(5), Mathews and Glenn (6), and Réhmann and Shmanine (7), 
and more recently by Willstitter (8) and possibly others. The 
results obtained in the present investigation in the experiments in 
which the hydrogen ion concentration was determined after the 
action had proceeded for certain periods of time and also in which 
serum albumin was added can be interpreted most readily on the 
same basis. The enzyme action was found to occur at hydrogen 
ion concentrations which under different conditions (such as pre- 
treatment at these hydrogen ion concentrations) caused inactivation. 
The serum albumin decreased or delayed such inactivation. The 
marked stability of some of these ester-hydrolyzing actions was 
also of interest. 

The determination of the hydrogen ion concentration of horse 
serum may be mentioned. The “protein error’’ possible for such 
materials when indicators are used of course is not new. How- 
ever, in view of the practical use of such serums and of products 
derived from them in immunological work, it must be emphasized 
that wherever possible the results should be checked electrometri- 
cally, preferably with glass electrodes, and that, if this is not possi- 
ble and only colorimetric methods are available, the indicators 
and the method of using them should be explicitly stated. 


SUMMARY 


The hydrolyzing actions on ten esters of normal horse serum 
were determined at different hydrogen ion concentrations, after 
various pre-treatments, and with added serum albumin. The 
results are presented in a series of tables. Some theoretical 
applications and possible conclusions are discussed. The differ- 
ences in the colorimetric and electrometric (glass electrode) 
determinations of the hydrogen ion concentration of horse serum 
are emphasized. 
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The presence of cholesterol in milk was indicated by Tol- 
matscheff (1) in 1867. The early analytical reports give for 
Rohcholesterin data which are about equivalent to those of the total 
non-saponifiable matter of fat. Bémer (2) found that Rohchole- 
sterin contained at least three types of substances; namely, sterols, 
pigments, and lecithins. Menozzi (3) showed that the cholesterol 
of milk is identical in physical and chemical properties with the 
cholesterol of bile. Kirsten (4), as well as Klostermann and Opitz 
(5), considers cholesterol to be present in milk in the free form, 
whereas Wacker and Beck (6) believe that milk contains only 
cholesterol esters, presumably esters of oleic and palmitic acids. 
Fox and Gardner (7) report an average ratio of 1:0.54 for free and 
ester cholesterol. The distribution of cholesterol in milk has not 
been investigated; published data (6-8) merely show that the 
butter fat contains a lower percentage of cholesterol than the 
milk fat. Some authors (5, 7) express the opinion that a certain 
amount of the cholesterol may be combined, in some manner, with 
the milk protein. The data (6-16) showing the cholesterol con- 
tent of fluid whole milk are not consistent; values lying between 
about 4 and 18 mg. per 100 ml. have been reported. 

In view of the fact that recent biological studies have drawn 
attention to the important physiological réle of lipids, particularly 
sterols, the following data are presented concerning the cholesterol 
content and the antirachitic activation of milk constituents by 
ultra-violet rays. 
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EXPERIMENTAL 
Estimation of Cholesterol 


In a study of this type the analytical methods (17) warrant 
comment. The classical method for determining cholesterol, as 
developed by Autenrieth and Funk (18), makes use of the Lieber- 
mann (19) and Burchard (20) color reaction. Experiences at this 
laboratory with this method have shown that it is not satisfactory 
for the determination of cholesterol in milk and milk products 
owing to the interference of a relatively stable (21) brownish red 
color which prevents accurate comparison with the standard 
cholesterol solutions which always give a pure green color. Simi- 
lar observations have been reported by other investigators (8, 13, 
22). Another inherent weakness of the method is that it gives 
values which are too high because the color reaction is also pro- 
duced by substances other than cholesterol (23). Attempts to 
obtain consistent and satisfactory results with the Okey (24) 
method, as modified by Yasuda (25), were not successful for 
determining the cholesterol content of various milks and their 
constituents. A slightly modified Obermer-Milton (23) method, 
which makes use of the Chugaev (26) color reaction, gave more 
satisfactory results. Since Bernoulli (27) had recommended the 
use of acetyl or benzoyl chloride, the latter compound was used 
and, by following exactly the directions given by Obermer and 
Milton (23), it was found that difficulties which were encountered 
when using p-nitrobenzoyl chloride could be eliminated. Never- 
theless, attempts to determine the free and the ester cholesterol 
were unsuccessful; even a considerably modified Obermer-Milton 
method gave lower values for total cholesterol than for free cho- 
lesterol. Therefore a procedure was developed which, while not 
wholly satisfactory, nevertheless gave relatively consistent results 
and allowed good recoveries. The method as finally adopted is 
briefly outlined as follows: 

The substance, the cholesterol content of which is to be de- 
termined, is first dissolved in alkali (NaOH) and then extracted 
with alcohol-ether (about the amounts used in the Roese-Gottlieb 
fat determination). The extract is evaporated in a 50 ec. beaker 
almost to dryness; 15 cc. of a mixture of 3 parts of ethyl aleohol (95 
per cent) with 1 part of ethyl ether and 0.5 ce. of a 1 per cent digi- 
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tonin (Merck) solution (50 per cent al¢ohol) are added ; the mixture 
is then evaporated to dryness on the water bath. After the last 
traces of aleohol have been removed, 2 cc. of water are added, the 
mixture is boiled for about 1 minute, and then 5 cc. of acetone are 
introduced. The mixture thus obtained should be a liquid which 
contains only finely divided colloidal particles; this is quantita- 
tively transferred to a 15 cc. centrifuge tube with the use of acetone 
for transferring. 1 drop of a 4 per cent aluminum chloride solu- 
tion is added and after mixing, 1 drop of ammonia is introduced; 
the tube is then centrifuged at high speed for about 1 minute. 

The supernatant liquid is completely removed by decantation. 
1 drop of hydrochloric acid and 5 cc. of acetone are added to the 
precipitate in the tube; the contents are mixed and centrifuged for 
about 5 minutes. The supernatant liquid is decanted and, after 
adding another 5 ce. portion of acetone, the contents of the tube 
are again treated as above; the residue, freed as completely as 
possible from acetone by draining, is washed with 5 cc. of ethyl 
ether, centrifuged, and after decantation the residual ether allowed 
to evaporate spontaneously. Then 2 cc. of glacial acetic acid, 3 
ec. of zine chloride-glacial acetic acid (prepared according to 
Obermer and Milton), and 1 ec. of benzoyl chloride are added to 
the residue. After remaining in a boiling water bath for 15 min- 
utes, the mixture is cooled and its color compared in a micro- 
colorimeter with a standard cholesterol solution which had been 
previously subjected to an identical treatment. Best results are 
obtained when between 200 and 1000 micrograms of cholesterol 
are matched in the colorimeter with the standard solution. 

Free cholesterol can be determined by this method; it is also 
applicable for the determination of cholesterol in milk, since in the 
light of available references only small amounts of cholesterol 
esters, if any, are found in milk. The investigators who claim to 
have found cholesterol esters have used methods which give low 
results for free cholesterol and have calculated the ester cholesterol 
by subtracting the low values obtained for the free cholesterol 
from the total cholesterol values. It so happens that the method 
outlined above gives results which are comparable with the data 
reported for the total cholesterol content of milk, so that the 
assumption can be made that milk is practically devoid of ester 
cholesterol. 
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The classical method which makes use of the Liebermann- 
Burchard color reaction and the method outlined above were 
employed in parallel determinations of the cholesterol content of 
decanted butter oil samples prepared by melting commercial 
butter and decanting the oil. The results obtained are recorded 
in Table I, from which it will be noted that the values obtained 
with the classical method are uniformly higher than those obtained 
with the method employing the Chugaev color reaction. The 
interfering brownish red color was present and persistent in all the 
Liebermann-Burchard determinations and was especially marked 
in Samples 11 and 12. The results obtained with the method 
outlined above are substantially the same for all samples (average 
about 0.32 per cent). Similar discrepancies, not recorded in this 


TaBLe I 
Cholesterol Content (Per Cent) of Decanted Butter Oil Samples 
A, Liebermann-Burchard method; B, Chugaev method. 


Sample No. 
1 2 | 3 4 5 | a 7 8 9 10 11 12 
0.34) 0.36) 0.38) 0.38) 0.39) 0.39) 0.44) 0.44) 0.45) 0.48) 0.60) 0.60 
0.29] 0.33) 0.34) 0.30) 0.32) 0.31) 0.33) 0.34) 0.31) 0.32) 0.34) 0.34 


paper, were found when analyzing the other milk constituents by 
the two methods. The adoption of the method as described 
seemed warranted. 


Distribution of Cholesterol in Milk 


The systematic study of the distribution of cholesterol in milk 
was preceded by the determination of the cholesterol content of 
various milk constituents such as butter oil, casein, lactalbumin, 
and milk serum components. The preliminary data showed 
conclusively that appreciable amounts of the cholesterol of milk 
are associated with constituents other than the butter fat. It 
became obvious also that the various milk constituents should be 
prepared under controlled conditions if the cholesterol content of 
a sample of milk were to be determined by adding the cholesterol 
values obtained by analyses of its fractions. The following out- 
line shows the procedures used for preparing the various milk 
fractions. 
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Whole milk of typical composition was passed through a centrif- 
ugal cream separator yielding cream and skim milk of the usual 
composition. The casein was precipitated by warming the skim 
milk to 38° and slowly reducing the pH to about 4.6 by adding 
dilute hydrochloric acid during agitation. The precipitated 
casein was removed from the serum, or whey, by mechanical 
means and subsequently subjected to a series of water washings. 

The whey was further treated by adjusting its pH to about 4.55, 
heating to boiling, and removing the lactalbumin, which was 
subsequently washed for the purpose of removing salts, milk 
sugar, and other water-soluble material. Following the removal 
of the lactalbumin, the pH of the serum was brought close to the 
neutral point on the acid side of neutrality with lime; the mixture 
was heated to boiling and the precipitate, consisting chiefly of 
milk phosphates and heat-coagulable protein matter other than 
lactalbumin, was removed by filtration. The remaining serum 
was practically free of protein nitrogen and of inorganic phosphates, 
although it contained determinable amounts of nitrogen and 
phosphorus. 

The cream obtained from the original milk was reduced to 
butter oil. For purposes of comparison this butter oil was desig- 
nated as the butter fat constituent of milk. 

The analytical data for milk as a whole and for the different 
milk fractions, prepared in the above manner, are shown in Table 
II. In addition to the comparable data shown in Table II, 
supplementary analyses gave values illustrating the range of 
variations in the cholesterol content of milk constituents which 
were not prepared from the particular lot of fluid whole milk used 
for obtaining the data recorded in Table II. Analyses of various 
samples of fluid whole milk have shown great variations; in the 
majority of the samples the cholesterol content was found to lie 
between about 10 and 15 mg. per 100 ml.; when calculated to the 
fat basis, the values ranged from about 0.2 per cent to about 0.4 
per cent. Determinations of the cholesterol content of the butter 
fat itself, prepared in this laboratory from commercial butter or 
from whole milk, have shown values ranging from 0.24 to 0.34 per 
cent. 

Skim milk samples were found to have a cholesterol content 
varying from 1.5 to 3.5 mg. per 100 ml. Various samples of 
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casein, prepared as heretofore described, as well as samples of 
commercial casein, showed a cholesterol content lying in the 
neighborhood of 30 mg. per 100 gm. of dry matter. Various 
samples of whey, or serum from which casein had been removed, 
were found to have a cholesterol content varying from about 1.2 
to 1.6 mg. per 100 ml. Milk serum samples from which both the 
casein and the lactalbumin had been removed showed cholesterol 


TaB_e II 
Distribution of Cholesterol in Milk 
Cholesterol carried 
matter* 
raction carr 
|per 100 ml. ho a Per 100 In per In fatty 
gm per cent mg. “—— per cent 
Whole milk.......... 12.00 27.6 | 11.83 | 100.00 | 100.6 | 0.36 
Butter fat........... 3.25 | 100.0 9.75 | 82.42 | 300.0 .30 
Skim milk........... 8.75 1.5 2.16 | 18.26 24.6 | 1.64 
2.80 1.5 0.84 7.10 30.0 2.00 
0) ers 5.95 1.2 1.37 | 11.58 19.7 | 1.64 
Lactalbumin......... 0.50 7.0 0.90 7.61 | 180.0 | 2.57 
Serum without lactal- 
0.5 0.50 4.23 9.2] 1.84 
Heat-precipitable 
matter other than 
lactalbumin........ 0.40 7.5 0.30 2.54 75.0 | 1.00 
Serum without pro- 
tein phos- 
ee 5.05 | Traces | Traces | Traces | Traces | Traces 


* Determined by the Roese-Gottlieb method. 


values varying between 0.4 and 0.7 mg. per 100 ml. The heat- 
coagulable substances of the serum precipitated at about the 
neutral point, as previously described, were found to contain 
cholesterol in amounts ranging between 60 and 80 mg. per 100 gm. 
of dry matter. Only traces of cholesterol were found in the serum 
samples from which casein, lactalbumin, and other heat-precipita- 
ble matter had been removed. 

The cholesterol content of lactalbumin, precipitated as previ- 
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ously described and subsequently washed, was found to be con- 
sistently higher than that of the other milk constituents, with the 
exception of butter oil. The amount of cholesterol associated 
with the lactalbumin has been found to be more uniform than that 
present in the butter fat. Table III shows typical results which 
have been obtained from analyses of various lactalbumin samples. 

The foregoing data confirm not only older reports that the 
butter fat per se contains less cholesterol than the milk fat as a 
whole but also recent findings (28) that. the cholesterol content 
of whole milk is quite variable and not dependent upon the fat 
content. It was found that about 18 per cent of the total choles- 
terol of milk is associated with the protein ; supplementary analyses 
indicated even a higher percentage. It is of interest to note that 


Taste III 
Cholesterol Content of Lactalbumin Samples 
Cholesterol 
Sample No. Description Fatty matter} Cholesterol pd 100 gm. 
latty matter 
per cent per cent per cent 

1 Crude lactalbumin 5.24 0.14 2.67 

2 Washed ” 6.83 0.18 2.64 

3 sg ey 5.74 0.17 2.94 

4 Peptized “ 5.44 0.17 3.13 


a similar relationship has been reported for blood by Gardner 
and Gainsborough (29) who found that 16.36 per cent of the total 
cholesterol of the blood plasma is associated with the protein 
bodies. 

In reviewing the foregoing data as a whole, the cholesterol 
associated with the lactalbumin is of interest in that the amount is 
not only greater than that found with the other milk constituents 
but also appears to be more constant. The data also seem to 
show that the cholesterol content of the fatty matter associated 
with the milk proteins is relatively constant. 

Various data recorded in the literature indicate that there are 
lipids, including cholesterol, which are prosthetically bound with 
proteins. Such a grouping has been reported for cholesterol and 
the serum globulin of blood (30). Unpublished data as well as 
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the data recorded in this paper seem to show that the cholesterol 
found associated with the milk proteins is one of the prosthetic 
groups of the proteins. Thus milk contains “unbound” and 
“bound”’ cholesterol, each of which is presumably only “free’’ 
cholesterol; the possible presence of “combined’’ cholesterol, 7.e. 
ester cholesterol, in the bound and unbound cholesterol could not 
be ascertained with the method used. Since it is established that 
a substantial part of the milk cholesterol is associated with the 
proteins and since cholesterol is known to contain ergosterol, the 
questions naturally arise whether the ergosterol presumably 
accompanying the cholesterol, a prosthetic group of the proteins, 
can be made antirachitically active by exposure to ultra-violet 
rays and also whether such prosthetic groups play a réle in the 
antirachitic activation of milk. 
Biological Data 

For the purpose of determining the possible réle of the choles- 
terol associated with the various milk constituents, experiments 
were conducted under comparable conditions with the two milk 
constituents which had been shown to contain the highest amounts 
of cholesterol; namely, the butter fat and the lactalbumin. 

Previous experiments have indicated that promiscuous samples 
of butter oil irradiated under identical conditions possessed a 
variable antirachitic potency as determined by the usual method 
of assay with white rats. Since these variations were obtained 
even with samples irradiated for as short a time as 1 second, it 
appeared that the explanation might lie in the difference in the 
amount of provitamin present, rather than in the conditions of 
irradiation. In view of these observations it was determined 
whether the mode of preparing the butter oil had an influence on 
its subsequent activation. Butter oil was prepared from com- 
mercial butter by melting and subsequent decantation; a part of 
the decanted oil was filtered through ordinary filter paper. The 
filtered as well as the unfiltered samples were treated in various 
manners involving exposure to temperatures as high as 100°, 
violent agitation for the purpose of incorporating air, and washing 
with boiling water. The samples were oxidized to a variable 
degree as indicated by the amount of bleaching. Certain treated 
samples were entirely white, whereas others showed gradations 
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in color varying from white to the natural color of the oil from 
which they had been prepared. 

Each of the samples, while in the fluid state, was spread uni- 
formly on a glass plate and irradiated in a film substantially 0.02 
mim. thick with ultra-violet rays for periods of 1 or 16 seconds. 
The source of radiation used was a lamp of the flaming are type 
burning C carbons at 60 amperes and 50 volts. The distance of 
the oil film from the energy source was 17 inches. These condi- 
tions of irradiation, in so far as are characteristics, energy output, 
and film thickness are concerned, were comparable to the con- 
ditions under which various milks have previously been irradiated 
and for which the antirachitic potency has already been reported 
(31-33). The irradiated butter oil samples were fed to white rats 
in amounts of 48 mg. per day for 10 days by superimposing the 
test substances on the Steenbock rachitogenic Ration 2965! 
following a 21 day period on this diet. Certain of the samples 
were fed supplemented with 4 ml. of non-irradiated skim milk 
per day during the 10 day test period in order to obtain results 
comparable with experiments in which milk containing 1.2 per 
cent fat was fed. The vitamin D potency of each of the samples 
as indicated by the average results of the line test from the indi- 
vidual groups of animals is shown in Table IV in which also the 
cholesterol and the phosphorus content of the samples is recorded. 

The data snow that the sterol content of butter oil samples may 
be influenced by the treatment to which the oil is subjected, 
particularly under conditions accelerating oxidation, such as heat- 
ing in the presence of incorporated air. It likewise appears that 
the degree to which oxidized butter oil samples may be antirachiti- 
cally activated is materially decreased. Other experiments 
indicate that irradiated butter oil which shows a high degree of 
antirachitic potency has substantially less potency after oxidation 
effected at temperatures as high as 100° in the presence of incorpo- 
rated air. The data show measurable variations in the sterol 
content of butter oil samples, when cholesterol as determined by 
the method described is used as the criterion. There is a relation- 
ship between the reduction of the cholesterol content and the 
provitamin D content as shown by the fact that the degree of 


! Steenbock, H., and Black, A., J. Biol. Chem., 64, 263 (1925). 
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activation of oxidized samples, which have a reduced cholesterol 
content, is also reduced or is even nil. These observations con- 
cerning the actual or potential antirachitic potency of butter oil 


TABLE IV 


Effect of Oxidation on Cholesterol Content and Antirachitic Activation of 
Butter Oils 


Cholesterol Line test* 
Treatment of decanted butter oil | Chu- | Irradi-| Irradi- (Tach 
method 
per cent| per cent 
1 No treatment............ — | 0.32]0.25} 2.9 | 2.6] 9.0 
2 — | 0.35 | 0.27} 3.5 | 3.1 | 14.5 
3 and washed .... — | 0.30/0.24) 291] 8.1 
4t | Washed and very slightly 
bleached by heating...) + 0.0 | 3.0] 8.4 
5t | Filtered and slightly 
bleached by heating...| + 0.3 | 2.2 7.6 
6+ | Filtered, washed, and 
bleached by heating. .| ++ 0.1 a 9.6 
7 Markedly bleached by 
heating and incorporat- 
+++] t |0.16] 0.7] 0.4] 9.4 
8 Filtered and markedly 
bleached by heating 
and incorporating air .|+++] 0.16 | 0.0 | 0.2 | 14.5 
9 Filtered, washed, and 
markedly bleached by 
heating and incorpo- 


* The plus signs and average numerical figures refer to the degree of 
healing used by Bills and McDonald (Bills, C. E., and McDonald, F. G., 
J. Biol. Chem., 68, 821 (1926)). 

t Fed without the 4 ml. of skim milk supplementation. 

t No value could be obtained, as the green color was so weak that the 
interfering color was predominant. 


focus attention on those data wherein the potency of the fat 
rendered from non-irradiated or irradiated milks is used as a 
criterion for judging the potency of the milks as a whole. 
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Incidentally the phosphorus data recorded in Table IV and other 
analyses not reported in this paper show an average phosphorus 
content of about 0.01 per cent for butter oil. According to a 
recent paper by Holm et al. (35), the phosphorus values found 
correspond to an approximate phospholipid content of 0.25 per 
cent and are within the range of the values reported by most 
investigators. 

Having determined the variations in the degree of antirachitic 
activation of butter oil, we considered the activation of the 
prosthetically bound sterols as found in lactalbumin. Prelimi- 
nary experiments showed that antirachitic potency can be imparted 
to lactalbumin by exposure to ultra-violet rays. However, for the 
purpose of obtaining data which would be comparable with those 
in previous studies, suspensions and colloidal solutions of various 
lactalbumin samples were irradiated under the conditions used in 
the irradiation of milk (31, 32). 

A 2 per cent suspension of the insoluble lactalbumin Sample 2 
(Table III) was irradiated in a smooth flowing film with a carbon 
are of the same characteristics and intensity at the same distance 
as for the irradiation of the butter oil films described above. The 
thickness of the film was 0.11 mm. and the time of exposure 1.87 
seconds. The peptized lactalbumin Sample 4 (Table III) was 
irradiated in the same manner. The non-irradiated and the 
irradiated samples of the same products were assayed for vitamin 
D by the usual procedure. The non-irradiated samples fed in 
amounts of 530 mg. per day per rat showed no potency, as might 
have been expected. The irradiated samples fed at levels of 90 
and 530 mg. per day per rat showed a measurable antirachitic 
potency which, expressed in terms of the line test, was substan- 
tially equivalent to the + degree of calcification. The peptized 
lactalbumin samples were only slightly lower in potency when fed 
at the 90 mg. level than the insoluble samples fed at the 530 mg. 
level. Sufficient evidence is not available for us to attach impor- 
tance to this quantitative difference of these irradiated samples, 
as it is possible that the effectiveness of the activating rays was 
adversely influenced during the irradiation of the suspended 
insoluble lactalbumin. The data are conclusive, however, in 
showing that the prosthetically bound cholesterol of lactalbumin 
contains matter which can be activated antirachitically and that 
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activation of oxidized samples, which have a reduced cholesterol 
content, is also reduced or is even nil. These observations con- 
cerning the actual or potential antirachitie potency of butter oil 


TABLE IV 
Effect of Oxidation on Cholesterol Content and Antirachitice Activation of 
Butter Oils 
Cholesterol Line test* 
| Treatment of decanted butter oil | manne| Chu- | Irradi-| Irradi- (Teche 
method 
+ cent|per cent + 
1 No treatment............ — | 0.32 | 0.25} 2.9 | 2.6] 9.0 
2 RR ee - 0.35 | 0.27 | 3.5 | 3.1 | 14.5 
3 and washed.....| — | 0.30] 0.24] 3.0] 2.9 | 8.1 
4t | Washed and very slightly 
bleached by heating...) + 0.0 | 3.0] 8.4 
5t | Filtered and slightly 
bleached by heating...) + 0.3 | 2.2 | 7.6 
6+ | Filtered, washed, and 
bleached by heating. .| ++ 0.2147 1 $6 
7 Markedly bleached by 
heating and incorporat- 
+++] t |0.16/] 0.7] 0.4] 9.4 
8 Filtered and markedly 
bleached by heating 
and incorporating air .|+++) | 0.16) 0.0 | 0.2 | 14.5 
9 | Filtered, washed, and 
markedly bleached by 
heating and incorpo- 
ft 0.16 | 0.4 | 0.5 8.4 


* The plus signs and average numerical figures refer to the degree of 
healing used by Bills and McDonald (Bills, C. E., and McDonald, F. G., 
J. Biol. Chem., 68, 821 (1926)). 

t Fed without the 4 ml. of skim milk supplementation. 

t No value could be obtained, as the green color was so weak that the 
interfering color was predominant. 


focus attention on those data wherein the potency of the fat 
rendered from non-irradiated or irradiated milks is used as a 
criterion for judging the potency of the milks as a whole. 
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Incidentally the phosphorus data recorded in Table IV and other 
analyses not reported in this paper show an average phosphorus 
content of about 0.01 per cent for butter oil. According to a 
recent paper by Holm et al. (35), the phosphorus values found 
correspond to an approximate phospholipid content of 0.25 per 
cent and are within the range of the values reported by most 
investigators. 

Having determined the variations in the degree of antirachitic 
activation of butter oil, we considered the activation of the 
prosthetically bound sterols as found in lactalbumin. Prelimi- 
nary experiments showed that antirachitic potency can be imparted 
to lactalbumin by exposure to ultra-violet rays. However, for the 
purpose of obtaining data which would be comparable with those 
in previous studies, suspensions and colloidal solutions of various 
lactalbumin samples were irradiated under the conditions used in 
the irradiation of milk (31, 32). 

A 2 per cent suspension of the insoluble lactalbumin Sample 2 
(Table IIT) was irradiated in a smooth flowing film with a carbon 
are of the same characteristics and intensity at the same distance 
as for the irradiation of the butter oil films described above. The 
thickness of the film was 0.11 mm. and the time of exposure 1.87 
seconds. The peptized lactalbumin Sample 4 (Table III) was 
irradiated in the same manner. The non-irradiated and the 
irradiated samples of the same products were assayed for vitamin 
D by the usual procedure. The non-irradiated samples fed in 
amounts of 530 mg. per day per rat showed no potency, as might 
have been expected. The irradiated samples fed at levels of 90 
and 530 mg. per day per rat showed a measurable antirachitic 
potency which, expressed in terms of the line test, was substan- 
tially equivalent to the + degree of calcification. The peptized 
lactalbumin samples were only slightly lower in potency when fed 
at the 90 mg. level than the insoluble samples fed at the 530 mg. 
level. Sufficient evidence is not available for us to attach impor- 
tance to this quantitative difference of these irradiated samples, 
as it is possible that the effectiveness of the activating rays was 
adversely influenced during the irradiation of the suspended 
insoluble lactalbumin. The data are conclusive, however, in 
showing that the prosthetically bound cholesterol of lactalbumin 
contains matter which can be activated antirachitically and that 
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synthesis of bound vitamin D is brought about by irradiation even 
under conditions involving only momentary exposure to the acti- 
vating rays. 

The determination of the relative degree of activation of lactal- 
bumin has been used as a typical illustration showing that the 
provitamin D of milk is not confined to the butter fat but that 
substantial proportions of the provitamin are prosthetically bound 
with the milk proteins, as indicated not only by the biological data 
but also by the cholesterol determinations. The data presented 
in this paper indicate that the prosthetically bound fatty matter 
of milk proteins must be recognized as a carrier of provitamin D 
and, as will be shown in a future report, the prosthetic groups of 
the milk protein have likewise an important bearing upon the 
physicochemical properties of milk as a whole and certain of its 
many constituents. 


DISCUSSION 


The data as a whole bring into relief the subject of the differ- 
ences in the effectiveness of irradiated milk, cod liver oil, and 
viosterol as observed clinically (36). The data presented must be 
considered adequate in showing that in irradiated milk the rela- 
tionship between the active principle and other inherent constitu- 
ents, especially the proteins, is different than in other antirachitic 
agents. The distribution of the provitamin D among various milk 
constituents and especially its association with the proteins, 
particularly the lactalbumin, may possibly be important in ulti- 
mately leading to a more thorough understanding of the merits 
of irradiated milk in contradistinction to other antirachitic agents. 
This possibility would seem to be pertinent in view of the relative 
physiological activity of thyroglobulin and thyroxine. Thyroxine 
is a prosthetic group of thyroglobulin and is, when administered 
in the unbound form, believed to be more easily decomposed in 
the body and thus rendered more quickly inactive than when 
administered prosthetically bound in the form of thyroglobulin. 
Thyroglobulin has a greater potency than thyroxine, presumably 
for the reason stated above. In view of this illustrative example 
the greater clinical effectiveness of irradiated milk, as compared 
with other antirachitic agents, may be due to the prosthetically 
bound vitamin D of irradiated milk. 
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SUMMARY 


A method for the determination of cholesterol in milk and its 
constituents is presented. 

The cholesterol content of butter oil was found to vary between 
0.24 and 0.34 per cent. 

The cholesterol content of butter oil is greatly reduced by heat 
in the presence of incorporated air. 

The study of the distribution of cholesterol in milk showed that 
about 18 per cent of the total cholesterol of milk is associated with 
the proteins. The butter fat carries a greater amount of chole- 
sterol than any other milk constituent. 

When calculated to the dry basis, the lactalbumin has the next 
highest cholesterol content which is several fold greater than that 
of the other milk proteins. The cholesterol content of lactalbumin 
appears to be more uniform than that of the other milk con- 
stituents. 

The fatty matter associated with the proteins of milk contains 
a relatively constant and uniform amount of cholesterol which is 
many times greater than that of the butter fat. 

Oxidation of butter oil by heat in the presence of incorporated 
air diminishes, or even completely destroys, the provitamin D. 

The cholesterol associated with the milk proteins contains 
matter which can be activated antirachitically. Lactalbumin 
after momentary periods of exposure to ultra-violet rays shows 
a substantial vitamin D potency. 

The fatty matter of milk prosthetically bound with the proteins 
is indicated as being of possible significance in accounting for the 
clinical merits of irradiated milk. 


The authors are indebted to the following members of the 
Laboratories’ staff for valuable assistance rendered during the 
accumulation of the data presented in this paper: Dr. R. C. 
Bender, Mr. G. E. Flanigan, Mr. W. J. Hendrickson, and Mr. 
M. R. Simonds. 
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THE INFLUENCE OF CHRONIC FLUOROSIS UPON 
VITAMIN C IN CERTAIN ORGANS OF THE RAT* 


By PAUL H. PHILLIPS anp CHANG Y. CHANG 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, March 2, 1934) 


The use of the 2,6-dichlorophenolindophenol reaction for the 
determination of vitamin C has given results in close agreement 
with biological assay according to Birch, Harris, and Ray (2), 
Bessey and King (1), Svirbely (6), and others. It has been shown 
that the amount of vitamin C in the adrenals and liver corresponds 
to the amounts determined by the above reaction. It has been 
previously suggested (3) that chronic fluorine toxicosis may 
directly interfere with or inhibit in some manner the mechanism 
through which vitamin C functions. Phillips and Stare (5) pre- 
sented evidence to show that vitamin C increases in certain tissues 
of dairy cows suffering from chronic fluorosis and that the total 
cellular respiration of the suprarenal cortex was depressed while 
the anaerobic respiration was considerably increased. In experi- 
ments with acutely toxic doses of NaF for rats (4) it has been 
found that 4 cc. or more of orange juice, fed with a diet of similar 
nature to the scorbutic diet used in this laboratory, will prolong 
the survival period of young growing rats when fed 0.2 per cent 
NaF. The same diet plus 0.3 per cent NaF and orange juice ad 
libitum likewise prolonged the survival period from an average of 
14.4 days to 28 days, the length of the experiment. In this experi- 
ment the fluorine tolerance as indicated by the increased fluorine 
intake increased 35 per cent, or actually 0.9 mg. of F per rat per 
day. 
These observations led to a study to determine whether fluorine 
toxicosis influences the amount of reducing substance (vitamin C) 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 


405 


406 Fluorosis and Vitamin C 


or substances present in certain organs in the rat, and the effect 
of diets of different composition upon vitamin C distribution. 


EXFERIMENTAL 


Diet I was composed of yellow corn 55.75 per cent, wheat 
middlings 24.0 per cent, linseed oil meal 12.0 per cent, alfalfa 
meal 3.0 per cent, meat meal tankage 2.0 per cent, special steamed 
bone meal 1.75 per cent, ground limestone 0.5 per cent, iodized 
salt 0.5 per cent, and cod liver oil 1 per cent. This diet had been 
used in previous fluorine studies with rats. Diet II, which is 
based upon the constituents of our scorbutic diet for guinea pigs, 
was composed of rolled oats 80.0 per cent, casein 8.0 per cent, 
autoclaved alfalfa meal 5.0 per cent, yeast 4.0 per cent, iodized 
salt 0.5 per cent, calcium carbonate 0.75 per cent, steamed bone 
meal 0.75 per cent, and cod liver oil 1.0 per cent. 

Young vigorous rats weighing from 50 to 60 gm. were divided 
into four lots of fourteen animals each. Litter mates were used in 
making up the lots, and each lot contained an equal number of 
males and females. Lot I was given Diet I only. Lot II was 
given Diet I plus 0.15 per cent NaF. Lot III received Diet I, 
while Lot IV received Diet II plus 0.15 per cent NaF. 

Eight animals from each lot were selected for six injections of 
vital dyes over a 20 day period prior to removal from the experi- 
ment. Alizarin for calcium staining and trypan blue for connec- 
tive tissue staining were used in 0.5 per cent solution for the pur- 
pose of histological studies. It was found that 3 days after the 
last injection of the dye there was no interference with the vitamin 
C titration with 2,6-dichlorophenolindophenol. 

The rats were kept on their respective diets for 75 to 90 days 
and were then sacrificed. The kidney, liver, suprarenal gland, and 
anterior lobe of the hypophysis were selected for study. These 
organs, or portions thereof, were quickly removed, weighed, ex- 
tracted with trichloroacetic acid and titrated for vitamin C content 
by the method of Bessey and King (1). 


Results 


Inspection of the growth curves in Chart I indicates clearly 
that 0.15 per cent NaF inhibited growth in the rat irrespective of 
the diet. The growth curves further show that Diet II caused 
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greater growth in Lots III and IV than did Diet I used in Lots I 
and II. It was observed that the general appearance of the 
animals on Diet II was more favorable at all times than that of 
their controls on Diet I. The superiority of Diet II may lie in 


GRAMS Lot Lot |II 

30 I Diet I plus 0115% NaF 

AZ 


Lot Lot}iv 
Diet II | A’ Diet II plus 0.15%|NaF 


170 


140 


W mi. 


Cuart I. Growth curves of rats, based on the average weekly body 
weight of each lot. 


the difference in the quality of protein, since the chief source of 
protein was casein. However, the possibility that Diet II stimu- 
lated excessive vitamin C synthesis in the body should not be 
overlooked. Diet I had been previously fed with 4 per cent yeast 
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with no improvement in growth or well being of mature rats. It 
seemed unlikely that the dietary components of yeast resulted in 
the improved rate of growth. 

Table I shows the results of vitamin C analyses. The diet or 
the addition of NaF failed to influence the amount of 2,6-dichloro- 
phenolindophenol titratable reducing substance, or vitamin C, 
in the liver or kidney. On the other hand, an increase of 30 to 40 
per cent in the vitamin C potency of the anterior lobe of the hypo- 
physis was noted in the NaF-fed animals. Diet II likewise in- 
creased the vitamin C potency of this gland approximately the 
same amount as that found in chronic fluorine poisoning. It 
seemed to elicit vitamin C synthesis or concentration in the 
anterior lobe of the hypophysis and suprarenal glands, as indi- 
cated by the analyses of tissues from rats on this diet. However, 
when related to body weight, the seemingly high content of 
vitamin C in the suprarenal gland bore the same relationship to 
body weight as that found to exist in animals on Diet I. The 
vitamin C potency of the suprarenal gland was increased rela- 
tively and absolutely when NaF was included in the diet. When 
the vitamin C in the suprarenal gland was related to body weight, 
it was found that NaF doubled the vitamin C potency of the whole 
suprarenal gland per unit of body weight over the values obtained 
for the control diets (Diets I and II without NaF). The weight 
of the suprarenals in the NaF-fed animals per unit of body weight 
was increased 20 to 40 per cent over the weight of the suprarenals 
of the control animals. This may account for the increase of 30 
to 35 per cent in vitamin C content noted in the suprarenals of 
the NaF-fed animals. 


SUMMARY 


This study lends unmistakable support to the evidence obtained 
by numerous workers that NaF in sufficient amounts inhibits 
growth. 

Fluorine toxicosis has been shown to have no influence upon the 
vitamin C content of the liver or kidney in the rat. Fluorine 
toxicosis in rats causes the vitamin C potency of the anterior lobe 
of the hypophysis and the suprarenal gland to increase, irrespective 
of the diet employed. The vitamin C content of the suprarenal 
gland of the NaF-fed rats per 100 gm. of body weight was found 
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to be approximately twice that of the control animals. The 
weight of suprarenals per kilo of body weight in the NaF-fed 
animals likewise increased, but only to the extent of 20 to 40 per , 
cent, which would seem to indicate an actual increase in concen- 
tration of vitamin C in the suprarenal gland of NaF-poisoned rats. 
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We have undertaken to test the digestibility of various enzymes 
by proteolytic enzymes in order to furnish some evidence as to 
their chemical nature. In previous papers we have shown that 
urease is slowly digested by trypsin (1) and, for this reaction, the 
presence of a gum is useful, if not essential (2). Maltase is readily 
digested by trypsin (3), and rennin is attacked very rapidly by 
both trypsin and pepsin, but not by erepsin (4). On the other 
hand, emulsin is not inactivated by various proteases, although 
this enzyme could not be prepared free from protein by methods 
used by earlier workers (5). 

We now wish to describe the reciprocal digestion of pepsin and 
trypsin, the effect of erepsin on trypsin, and the digestion of 
salivary amylase by trypsin and by papain activated by H.S. 


EXPERIMENTAL 


Digestion of Pepsin by Trypsin at pH 5.5—A 0.1 per cent pepsin 
solution (Parke, Davis and Company, 1:3000) in 0.1 N acetate 
buffer was prepared, and adjusted with acetic acid and NaOH 
to pH 5.5. It had a milk-clotting power of 200,000 units per cc. 
as determined by our method (6). A 0.1 per cent solution of 
trypsin (Fairchild Brothers and Foster) in 0.1 N acetate buffer was 
prepared and adjusted to pH 5.5. Equal amounts of the pepsin 
and trypsin solutions were mixed and incubated at 40°. Toluene 
was used as a preservative in this experiment and those to follow. 
At various times samples were drawn, five times diluted with water, 


* Read in part before the Twenty-eighth meeting of the American So- 
ciety of Biological Chemists and in part before the American Institute of 
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and the milk-clotting power determined. Within 48 hours 90 
per cent of the milk-coagulating activity of the pepsin was de- 
stroyed (see Table I). The trypsin was too dilute to influence 
the milk-clotting in any way (7). Pepsin and trypsin solutions 
of the same pH were kept separately at the same temperature and 
mixed and tested whenever the original digest was tested. The 
pH of the solutions did not change appreciably during the 48 
hours incubation. The electrometric method was used to deter- 
mine the pH. The trypsin solution was not affected by the pep- 
sin, since at pH 5.5 pepsin is inactive proteolytically. 

The digestion (degree of inactivation) of pepsin by trypsin was 
also followed by measuring the peptic activity on casein at pH 2.0 
by the method of Volhard and Léhlein (8), with the only difference 


I 
Digestion of Pepsin by Trypsin 


Hrs. at 40° Milk-clotting power Peptic activity 
units per cc. units per 100 mg. 
0 200 ,000 510 
12 156,000 380 
24 95,000 235 
48 15,000 None 


that the trypsin solution used in the digestion of the pepsin was a 
1 per cent solution. For this purpose the various samples at pH 
5.5 were adjusted with HCl to pH 2.0. The peptic activity 
disappeared gradually and was nil after 48 hours (see Table I). 
Digestion of Trypsin by Pepsin at pH 2.0—The pepsin solution 
was 0.5 per cent in 0.01 nN HCl and the trypsin solution was 1.0 
per cent in 0.01 nN HCl. Both solutions were adjusted exactly to 
pH 2.0. Equal volumes of the two enzyme solutions were mixed 
and tested at various time intervals. The trypsin was completely 
digested by the pepsin in 24 hours as shown in the following 


tabulation. Controls were used similar to those in the digestion 
Hrs. at 40° Tryptie activity 
units per 100 mg. 
0 4.5 
12 2.2 


None 
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of pepsin by trypsin. Tryptie activity was determined by the 
method of Willstatter, Waldschmidt-Leitz, Dunaiturria, and 
Kuester (9). The alcohol precipitation test became negative 
after 24 hours. The pepsin solution did not give an aleohol pre- 
cipitate. At pH 2.0 trypsin is not active proteolytically and does 
not affect the pepsin. 

Digestion of Trypsin by Erepsin at pH 7.3—The erepsin (Difco) 
solution was 0.5 per cent and the trypsin was 1.0 per cent. Both 
enzymes were dissolved in 0.1 Nn NH;-NH,Cl buffer of pH 7.3. 
After 3 days the activity of the trypsin did not change. 

Digestion of Salivary Amylase by Trypsin and by Papain—To 
15 ce. of 0.3 per cent trypsin solution (adjusted to pH 7.2 with 
NaOH) 3 ce. of 0.2 m phosphate buffer of pH 7.2 were added. 
Filtered saliva was adjusted to pH 7.2, and to 15 cc. were added 
3 ec. of 0.2 M phosphate buffer at pH 7.2. Equal volumes of the 
trypsin and of the saliva were mixed and tested at intervals. 
Controls similar to those in the experiments above were run. In 
the experiment with papain the colorimetric method for the pH 
control was employed. The change of the pH was negligible 
during 4 days. The decrease of the amylolytic activity was fol- 
lowed by the iodine-starch color test and was quantitatively 
measured by the method of Waldschmidt-Leitz and Hesse (10). 
The saliva was collected under toluene and all samples were 
preserved with this antiseptic. After 48 hours 28 per cent of the 
amylase was digested by the trypsin and after 96 hours 50 per cent 
was inactivated. With H.S-papain at pH 7.0 the digestion of the 
amylase was much slower. 


DISCUSSION 


Pepsin and trypsin may be digested by each other if the proper 
hydrogen ion concentrations are maintained. At pH 5.5 pepsin is 
inactive but is not destroyed. Therefore pepsin cannot attack 
trypsin at this pH, which is favorable to tryptic activity, and 
accordingly pepsin is readily digested by trypsin. If, however, a 
mixture of these two enzymes is kept at pH 2.0, the pepsin digests 
the trypsin, since trypsin is inactive at pH 2.0 but is not destroyed. 
That pepsin can inactivate trypsin has been reported by other 
authors (11-13). Erepsin does not inactivate trypsin at pH 7.3, 
and this indicates that the trypsin molecule is relatively large. 

Salivary amylase is also inactivated by trypsin but at a slower 
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rate than most of the other enzyme digestions which we have 
studied. Papain (activated by H.S) inactivates salivary amylase 
more slowly than does trypsin. 

These results show that urease, maltase, rennin, pepsin, trypsin, 
and salitary amylase are of protein nature. We have recently 
obtained a trypsin preparation (14) not resembling the ordinary 
types of proteins. It is of course possible that some enzymes may 
be of non-protein nature. We have not studied the effect of 
proteases on this trypsin, since all of the material has been used in 
the recently published studies (7, 13). An 18 month autolysis is 
apparently necessary before more can be obtained. 


SUMMARY 


Pepsin and trypsin can be reciprocally digested. Erepsin does 
not digest trypsin. Salivary amylase is slowly inactivated by 
trypsin and more slowly by H.S-papain. 
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AN APPARATUS FOR DETERMINING THE RATE OF CAR- 
BON DIOXIDE PRODUCTION DURING YEAST 
FERMENTATION* 


By KURT W. FRANKE anp ALVIN L. MOXON 


(From the Department of Experiment Station Chemistry, South Dakota State 
College of Agriculture and Mechanic Arts, Brookings) 


(Received for publication, March 6, 1934) 


In connection with studies on the inhibition of enzymatic action, 
an improved apparatus has been developed for the determination 
of the rate of CO, production during yeast fermentation. In the 
case of a large number of investigations, no continuous record of 
the rate of reaction throughout the entire period has been kept. 
Elion (1) gives a complete review of apparatus used for intermit- 
tent determinations. Markley and Baily (2) developed an auto- 
matic method which is practical for large volumes of CO, produc- 
tion. Nord and Franke (3) used an apparatus which enabled 
them to follow the rate of reaction. Their apparatus required 
the constant attention of at least one person to take and record 
the burette readings. 

The basis of the new apparatus is the method of displacing a 
salt solution by the carbon dioxide formed during the reaction. 
The fermentation is carried out in a 100 ml. wide mouth bottle 
fitted with a 1-hole rubber stopper. This bottle is connected by 
means of glass and heavy walled rubber tubing, with a 500 ml. 
bottle containing a 10 per cent sodium sulfate solution. A 3- 
hole rubber stopper closes this bottle. The tube just through the 
stopper connects with the fermentation bottle. The second tube, 
reaching to the bottom of this bottle, is closed with a piece of 
rubber tubing and pinch clamp, and is used to fill the bottle with 
the sodium sulfate solution and for saturating this solution with 
carbon dioxide. The last tube also reaches to the bottom. This 


* Published with the permission of the Director of the South Dakota 
Agricultural Experiment Station as Communication No. 11 from the Depart- 
ment of Experiment Station Chemistry. 
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416 Apparatus for Determining Carbon Dioxide 


is connected by heavy walled tubing with the drop counter (see 
Fig. 1). 
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Capillary tube 
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Fia. 1. Drop counter with sample of record 


The tube containing the capillary is placed so that the drops 
leave the end of the capillary before touching the platinum poinis. 
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As each drop falls between the tips of the platinum wires, it 
closes an electric circuit produced by a 45 volt dry cell. This 
operates a time marker to which a fountain pen, similar to those 
used on temperature recorders, has been attached. Each drop is 
recorded on a moving strip of paper (adding machine) on which 
5 minute intervals are also recorded, as illustrated in the lower 
part of Fig. 1. The size of the drops can be varied by using capil- 
lary tubes of different sizes. The total number of drops divided 


‘ of 


° 


oe 


4 


Cuart 1. Rate of CO: produced by yeast fermentation. Curve A, con- 
stant shaking; Curve B, irregular shaking. 


by the total volume in ml. for each unit gives the average number 
of drops per ml. 

The bottles are kept in a constant temperature bath to elimi- 
nate any influence due to temperature change. In checking the 
units, a variation in the rate of reaction was noted. It was found 
to be due to uneven agitation. This has been overcome by clamp- 
ing the reaction bottles in a rack which is connected by a rod to an 
eccentric drive, thereby giving identical agitation to the bottles. 
Curve A (Chart 1) shows the rate of CO, produced by direct agita- 
tion of the fermenting mixture, while Curve B shows CO, pro- 
duced when the bottle is only slightly agitated by the circulation 
of the water in the bath. 
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This unit, because of 0 to 10 cm. of water pressure, does not give 
absolute volume, but it does give comparative volume. It could 
easily be arranged so that this pressure could be kept at nearly 
zero by a rack movement which would lower the drop counter. 
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THE STRUCTURE OF MONOTRITYL URIDINE 
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The present communication is the first paper of a series dealing 
with investigations into the synthesis of ribonucleotides through 
the phosphorylation of nucleosides. Uridine was chosen as the 
first substance to be phosphorylated because of its solubility 
properties. When the work was undertaken it seemed that 
monotrityl uridine might serve as a convenient starting material! 
for the preparation of the ester having the phosphoryl group in 
position (5), provided the trityl group was first definitely shown 
to be in this position. Convincing evidence to this effect was 
lacking, particularly in view of the fact that a ditrityl uridine is 
readily obtainable. 

We have now found that .the trityl group of monotrityl uridine 
is situated at position (5) of the ribose chain, supplying data which 
render Bredereck’s? assumption of the structure of the monotrityl 
uridine tenable. 

Monotrityl uridine’ was methylated by means of Purdie’s 
reagents, a beautifully crystalline substance having the composi- 
tion of dimethyl trityl methyl uridine being obtained. One of 
these methyl groups was presumably attached to the uracil por- 
tion of the molecule since, on hydrolysis, crystalline dimethyl 
uridine was formed. It is well known that a methyl group bound 
through oxygen is readily hydrolyzed from uracil derivatives. 


‘It may be mentioned that the uridine 5-phosphoric acid is prepared 
. from monoacetone uridine more conveniently. However, for those nucleo- 
sides which do not readily form acetone derivatives, the trityl derivatives 
may still be found serviceable for the synthesis of their nucleotides. 

2 Bredereck, H., Ber. chem. Ges., 65, 1832 (1932); Z. physiol. Chem., 223, 
61 (1934). 

® Levene, P. A., and Tipson, R. S., J. Biol. Chem., 104, 385 (1934). 
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420 Structure of Monotrityl Uridine 


The structure of this dimethyl uridine was now determined by 
substituting the free hydroxyl group with a tosyl* (p-toluene 
sulfonyl) group, and examining the behavior of the resulting 
monotosyl dimethyl uridine on treatment with sodium iodide 
dissolved in acetone. 

It has been shown by Oldham and Rutherford’ that a tosyl group 
attached to the primary alcoholic group in glucose derivatives is 
readily substituted by iodine under these conditions. The ap- 
plicability of the reaction has since been extended to the pento- 
furanoses by Levene and Raymond.® 

In the present case we found that the tosyl oxy group was readily 
replaced by iodine to give a crystalline monoiodo dimethy] uridine, 
whereas in ditosyl uridine obtained from ditosy] trityl uridine the 
tosyl residues were not replaced by iodine on treatment with 
sodium iodide. It follows that the tosyl derivatives are 5-tosyl 
2,3-dimethyl uridine and 2,3-ditosyl uridine, respectively, and 
that trityl uridine is to be designated 5-trityl 3’-uracil-ribo- 
furanoside.? 

Incidentally, mention may be made of the chlorination of uridine 
in position (5) through the action of tosy] chloride on uridine, thus 
yielding a substance serviceable for the formation of derivatives 
substituted in position (5). Treatment of uridine with a small 
excess (3.3 moles) of tosyl chloride gave the crystalline ditosyl 
chlorouridine (analogous to the ditosyl chloro starch of Hess and 
Pfleger’). On treatment with sodium iodide in acetone, the 
chlorine atom was replaced by an iodine atom to give ditosyl 
iodouridine (2,3-ditosyl 5-iodouridine). 

These results obviously confirm the assigning of the furanose 
structure to uridine. 


* Nomenclature of Hess, K., and Pfleger, R., Ann. Chem., 607, 48 (1933). 

5 Oldham, J. W. H., and Rutherford, J. K., J. Am. Chem. Soc., 64, 366 
(1932). 

® Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 317 (1933). 

7 Levene, P. A., and Tipson, R. 8., J. Biol. Chem., 101, 529 (1933). 
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Methylation of Monotrityl Uridine—5 gm. of dry, recrystallized 
monotrityl uridine’ were dissolved in a mixture of 50 cc. of acetone 
(analytical reagent) and 5 ce. of absolute methyl alcohol by boiling 
gently under a reflux. When all the material had dissolved, the 
solution was cooled to about 35° and 60 cc. of methyl iodide were 
added, the solution remaining clear and colorless. 2 gm. of silver 
oxide were added and the solution was boiled gently under a 
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reflux, with mechanical stirring. Five further portions (5 gm.) 
of silver oxide were added at intervals of 30 minutes and the 
reaction was allowed to proceed for a total of 4.25 hours. 

The mixture was now cooled and filtered, the silver salts ex- 
tracted several times with boiling chloroform under a reflux, and 
the combined filtrate and extracts evaporated under diminished 
pressure to a pale yellow glassy substance weighing 5.3 gm. It was 
first obtained crystalline by dissolving in about 300 cc. of boiling hep- 
tane under a reflux, filtering, and cooling the colorless filtrate, 
whereupon it crystallized in rosettes of fine colorless needles. 
It may be recrystallized from a mixture of dry ether and pentane; 
m.p. = 177-178°. The crystalline product is soluble in the cold 
in absolute ethyl alcohol, absolute methyl alcohol, dry ether, 
acetone, chloroform, carbon tetrachloride, benzene, pyridine, ethyl 
acetate, and glacial acetic acid. It is insoluble in cold but fairly 
soluble in hot pentane or heptane, and insoluble in cold or hot 
water. 

It had the following composition. 


4.990 mg. substance: 12.900 mg. CO, and 2.700 mg. HO 
9.290 “ - : 0.426 cc. Nz (773 mm. at 23°) 
8.492 “ = : 11.270 mg. Agl 
Cu Hy206Ne. Calculated. C 70.42, H 6.1, N 5.30, OCH; 17.62 
Found. “we, “613, * 


Its specific rotation was as follows: = 


+96.1° (in acetone). 


Hydrolysis of Dimethyl Trityl Methyl Uridine—5 gm. of dry, 
crystalline dimethyl trityl methyl uridine were dissolved in 50 ec. 
of warm absolute methyl alcohol and to the solution was added a 
solution of 0.5 gm. of dry hydrogen chloride in 50 ec. of absolute 
methyl alcohol. The solution was boiled under a reflux during 10 
minutes and then allowed to stand at room temperature overnight. 

The clear, pale yellow solution was now rendered neutral by 
the addition of dry silver carbonate, and the silver salts filtered 
off and well washed with absolute methyl alcohol. The filtrate 
and washings were combined and evaporated to dryness, giving a 


8 Hibbert, H., Tipson, R. S., and Brauns, F., Canad. J. Research, 4, 
221 (1931). 
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crystalline mass (weight, 5 gm.). This was repeatedly extracted 
with pentane and the pentane solution filtered. The insoluble 
material was dissolved in acetone, a little charcoal added, and the 
mixture filtered. The filtrate was evaporated under diminished 
pressure to a colorless crystalline mass (weight, 2.5 gm.). It may 
be recrystallized from ethyl acetate. M.p. = 168-169°. 

The crystalline material is soluble in cold absolute ethyl alcohol, 
absolute methyl alcohol, acetone, pyridine, glacial acetic acid, 
and water. It is fairly soluble in cold and quite soluble in warm 
ethyl acetate; sparingly soluble in cold and hot benzene; fairly 
soluble in cold and hot chloroform; insoluble in cold and sparingly 
soluble in hot dry ether; and insoluble in cold or hot carbon 
tetrachloride or pentane. 

It had the following composition. 


4.895 mg. substance: 8.700 mg. CO, and 2.660 mg. H,O 
6.140 “ - : 0.539 cc. Ne (768 mm. at 21°) 
7.500 “ : 13.000 mg. AgI 
CyuHy.OsN2. Calculated. C 48.51, H 5.9, N 10.29, OCH; 22.80 
Found. “ 48.47, “ 6.1, “ 10.29, “ 22.88 


Its specific rotation was as follows: [a]> = xi 
+68.0° (in acetone). 

Preparation of 5-Tosyl Dimethyl Uridine—2 gm. of dry, crystal- 
line dimethyl] uridine were dissolved in 12 cc. of dry pyridine, 1.6 
gm. (1.1 moles) of tosyl chloride were added, and the mixture 
shaken until the chloride had dissolved. After standing over- 
night at room temperature, with the exclusion of atmospheric 
moisture, 0.5 ec. of water was added to the brown solution. The 
resulting solution was kept at room temperature during 30 minutes 
and then diluted with 25 cc. of water and extracted several times 
with chloroform. The chloroform extract was shaken successively 
with ice-cold dilute sulfuric acid, ice-cold dilute sodium bicarbon- 
ate solution, and finally with ice water until neutral. It was then 
dried by means of anhydrous sodium sulfate, filtered, and the 
filtrate evaporated under diminished pressure to a pink, flaky 
glass (weight, 3 gm.). The product was extracted repeatedly 
with boiling, dry ether under a reflux and the ether extract evapo- 
rated under diminished pressure to a colorless flaky, glassy sub- 
stance. It was soluble in the cold in the following solvents: abso- 
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lute ethyl alcohol, absolute methyl alcohol, dry ether, acetone, 
chloroform, benzene, pyridine, ethyl acetate, and glacial acetic 
acid; fairly soluble in cold or hot carbon tetrachloride; very spar- 
ingly soluble in cold or hot pentane and heptane; insoluble in cold 
but soluble in hot water. It contained a little non-ionizable chlo- 
rine and had the following composition, which indicates a mix- 
ture of tosyl dimethyl uridine with some dimethyl chlorouridine 
(about 17 per cent). 


5.078 mg. substance: 9.420 mg. CO, and 2.480 mg. H,O 
* : 0.496 ce. Nz (763 mm. at 24°) 
: 9.300 mg. AgI 
: 5.200 “ BaSO, 
: 1.100 “ AgCl 
CisH2,0.N,8. Calculated. C 50.67, H 5.2, N 6.57, OCH; 14.55, S 7.52 
45.42, “ 5.2, “9.64, “ 21.35, 0.00, 
Cl 12.2 
Found. 50.58, 5.5, 6.75, “ 16.36, “ 6.31, 
Cl 2.1 


+1.44° X 100 _ 


2 «1.040 +02 


Its specific rotation was [a]> = 


(in acetone). 

Action of Sodium Iodide on 5-Tosyl Dimethyl Uridine—A mixture 
of 1 gm. of dry, crude 5-tosyl dimethyl uridine (containing some 
dimethyl chlorouridine) with 1 gm. of dry sodium iodide was dis- 
solved in 10 ce. of acetone and the solution heated in a sealed tube 
at 100° during 2 hours. The pale yellow solution remained un- 
changed in color during this treatment, but a considerable amount 
of crystalline material separated out. 

The mixture was now evaporated to dryness under diminished 
pressure and the pale yellow crystalline mass dissolved in a mix- 
ture of chloroform and water. A little aqueous sodium thiosulfate 
was added and the mixture shaken, but the chloroform layer re- 
mained pale yellow in color. The two layers were now separated 
and the aqueous layer shaken twice with more chloroform. The 
combined chloroform solution was shaken with water, dried over 
anhydrous sodium sulfate, filtered, and the filtrate evaporated 
under diminished pressure to a pale yellow glassy substance (weigh- 
ing 0.9gm.). The substance was readily obtained in crystalline 
form from absolute methyl alcohol. The crude crystalline 


P. A. Levene and R. 8. Tipson 425 


material was essentially monoiodo dimethyl uridine, since its 
analysis was as follows: 


6.515 mg. substance: 0.370 cc. Nz (761 mm. at 23°) 
6.785 “ - : 8.800 mg. AglI (Zeisel) 
8.190 “ : 4.500 “ (Carius) 
C.,H,,O;N21. Calculated. N 7.33, OCH; 16.3, I 33.2 
Found. 6.56, “ 17.1, 29.7 


It was now recrystallized by dissolving in acetone and adding dry 
ether to faint opalescence. 

The colorless crystalline material had a melting point of 94° and 
was soluble in the cold in the following solvents: absolute ethyl 
alcohol, absolute methyl alcohol, acetone, chloroform, benzene, 
pyridine, ethyl acetate, and glacial acetic acid. It was fairly 
soluble in cold or hot dry ether; sparingly soluble in cold but fairly 
soluble in hot carbon tetrachloride or heptane; sparingly soluble 
in cold or hot pentane; fairly soluble in cold but readily soluble in 
hot water. 

It had the following composition. 


4.880 mg. substance: 6.165 mg. CO, and 1.930 mg. HO 
4.265 “ : 2.600 “ 
C,,H),0;N21. Calculated. C 34.54, H 4.0, I 33.2 
Found. 34.45, 4.4, “ 33.0 


_ +1.01° X 100 _ 
Its specific was [a]> = +49.4° (in 


acetone). 

Preparation of Ditosyl Trityl Uridine—5 gm. of dry, recrystal- 
lized trityl uridine were dissolved in 30 cc. of dry pyridine, 4.4 gm. 
(2.2 moles) of tosyl chloride were added, and the mixture shaken 
until the chloride had dissolved. After standing overnight at 
room temperature, with the exclusion of atmospheric moisture, 1 
ec. of water was added to the brown solution. The resulting 
solution was kept at room temperature during 30 minutes and the 
product isolated as described in the tosylation of dimethyl uridine, 
giving 8 gm. of a pinkish colored glassy substance, which was 
freed from a trace of coloring matter in the following way. It was 
dissolved in 40 ce. of acetone and 800 cc. of dry ether were cau- 
tiously added with stirring. The small amount of flocculent red- 
dish colored material which separated out was filtered off and the 
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colorless filtrate evaporated to dryness under diminished pressure 
to a pale yellow, flaky, glassy substance. It was very sparingly 
soluble in cold or hot pentane and heptane; insoluble in cold but 
sparingly soluble in hot water; fairly soluble in cold and quite 
soluble in hot carbon tetrachloride; and soluble in the following 
solvents in the cold: absolute ethyl alcohol, absolute methyl! alco- 
hol, dry ether, acetone, chloroform, benzene, pyridine, ethyl ace- 
tate, and glacial acetic acid. 
It had the following composition. 


4.699 mg. substance: 11.100 mg. CO, and 2.120 mg. H.O 
9.140 “ ™ : 0.296 ce. Ne (760 mm. at 21°) 
9.160 “ o : 5.210 mg. BaSO, 
CyHss0;0N282. Calculated. C 63.44, H 4.8, N 3.53, S 8.07 
Found. “ 64.41, “ 5.0, “ 3.76, “7.81 


Its specific rotation was = 1.030 = +27.7 (in 
acetone). 

The trityl group in this compound is not very stable since, on 
boiling with 95 per cent ethy] alcohol, it is gradually hydrolyzed off 
to give ditosy] uridine. 

Preparation of Ditosyl Uridine—2.5 gm. of ditosyl trity] uridine 
were dissolved in 25 cc. of absolute methyl alcohol and to the 
solution was added a solution of 0.25 gm. of dry hydrogen chloride 
in 25 ec. of absolute methyl alcohol. The solution was boiled 
under a reflux during 10 minutes and then allowed to stand over- 
night at room temperature. 

The product was isolated as described for the hydrolysis of 
dimethyl] trityl methyl uridine, giving the theoretical yield of a 
colorless glassy substance readily obtained crystalline by dissolv- 
ing in absolute methy! alcohol and scratching. However, it was 
purified by dissolving in a mixture of chloroform and water. The 
aqueous layer was extracted several times with chloroform, and 
the combined chloroform solution dried over anhydrous sodium 
sulfate. The mixture was filtered and the filtrate evaporated 
to dryness. The product was recrystallized from 95 per cent 
ethyl alcohol from which it separated in matted, fibrous needles 
having a melting point of 199°. It contained no chlorine. The 
crystalline product is soluble in the cold in absolute ethyl alcohol, 
absolute methyl alcohol, acetone, pyridine, ethyl acetate, and 
glacial acetic acid. It is slightly soluble in cold but more soluble 
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in hot dry ether; fairly soluble in cold, readily soluble in hot chloro- 
form; and insoluble in cold or hot carbon tetrachloride, benzene, 
pentane, heptane, and water. 
It had the following composition. 
4.581 mg. substance: 8.330 mg. CO, and 1.770 mg. H,O 
8.925 “ - : 0.410 ec. Ne (743 mm. at 21°) 
8.380 “ * : 6.965 mg. BaSO, 
Calculated. C 49.97, H 4.4, N 5.07, 11.61 
Found. “ 49.59, “ 4.3, “ 5.21, “ 11.42 
—0.55° 100 
2 X 1.034 


It had the following specific rotation. [a]# = 


= —26.6° (in acetone). 

Action of Sodium Iodide on Ditosyl Uridine—A mixture of 1.0 
gm. of ditosyl uridine with 1.4 gm. of dry sodium iodide was dis- 
solved in 10 ce. of acetone and the solution heated in a sealed tube 
at 100° during 2 hours. The colorless solution turned light brown 
in color and a very small amount of crystalline material separated 
out. 

The product was isolated in the usual way, giving a colorless 
crystalline mass (yield, 1 gm.). It was recrystallized from 17.5 
ec. of 95 per cent ethyl alcohol, being obtained as long colorless 
needles which contained no halogen and had a melting point of 
199° alone, or admixed with ditosy]l uridine. 

—0.50° X 100 _ 


Its specific rotation was [a]; = >< 1.000 25.0° (in 


acetone). 

Action of Tosyl Chloride on Uridine—5 gm. of dry uridine were 
dissolved in 30 ce. of dry pyridine, 12.9 gm. (3.3 moles) of tosyl 
chloride were added, and the mixture shaken until the chloride 
had dissolved. After standing overnight at room temperature, 
with the exclusion of atmospheric moisture, 1 cc. of water was 
added to the brown solution. The resulting solution was kept at 
room temperature during 30 minutes and the product isolated as 
described for the substances above, giving 9.5 gm. of a pale brown, 
glassy material. It was first obtained crystalline by dissolving in 
50 ec. of cold absolute methyl alcohol and adding pentane to faint 
opalescence, whereupon it set to an almost solid mass of colorless 
crystals. It was recrystallized from 95 per cent ethyl alcohol, 
giving beautiful crystals which contained chlorine (not ionizable) 
and had a melting point of 170-171°. The crystalline product is 
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soluble in the cold in absolute methyl alcohol, acetone, chloroform, 
pyridine, ethyl acetate, and glacial acetic acid. It is fairly soluble 
in cold but soluble in hot absolute ethyl alcohol; sparingly soluble 
in cold but soluble in hot benzene; sparingly soluble in cold and 
fairly soluble in hot carbon tetrachloride; sparingly soluble in 
cold or hot dry ether; insoluble in cold and only very sparingly 
soluble in hot pentane or water; insoluble in cold or hot heptane. 

It had the following composition. 

5.611 mg. substance: 9.980 mg. CO, and 2.015 mg. H.O 

10.575 “ - : 0.450 cc. N2 (742 mm. at 24°) 

8.700 “ ad : 7.040 mg. BaSO, 


8.900 “ “ 52.995 “ AgCl 
C2sH230sN28:Cl. Calculated. C 48.35, H 4.1, N 4.91, S 11.23, Cl 6.2 


Found. 48.50, * 4.0, * 4.77, 11.12, “ 62 
—0.20° xX 100 
Its specific rotation was as follows: 1074 


= —9.3° (in acetone). 


Action of Sodium Iodide on Ditosyl Chlorouridine—1.0 gm. of 
ditosyl chlorouridine was treated with 2 gm. of sodium iodide in 
10 ce. of acetone during 2 hours at 100°. The colorless solution 
turned brown in color and some crystalline material was deposited. 

The product was isolated in the usual way, giving a colorless glassy 
substance (yield, 1.1 gm.) obtained in crystalline form by dissolv- 
ing in absolute methyl alcohol and scratching. It was recrystal- 
lized from 10 ce. of 95 per cent ethyl alcohol, being obtained as 
colorless, hair-like needles, having a melting point of 160° (darken- 
ing at 130°). It contained non-ionizable iodine and was soluble in 
the cold in the following solvents: acetone, chloroform, pyridine, 
ethyl acetate, and glacial acetic acid. It was fairly soluble in 
cold and soluble in hot absolute ethyl alcohol and absolute methyl 
alcohol; very sparingly soluble in cold but fairly soluble in hot 
benzene; insoluble in cold but very sparingly soluble in hot 
carbon tetrachloride; very sparingly soluble in cold or hot dry 
ether, pentane, or heptane; insoluble in cold or hot water. 

It had the following analysis. 


4.701 mg. substance: 7.240 mg. CO, and 1.370 mg. HO 
6.900 “ “ :2.660 “ Agi 
C23;H2;09N282I. Calculated. C 41.67, H 3.5, I 19.2 
Found. ** 41.99, “* 3.3, “ 20.8 
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—0.53° X 100 


2X 1.060 25.0° (in 


Its specific rotation was [a]? = 


acetone). 

Preparation of Ditrityl Uridine—5 gm. of pure monotrityl uri- 
dine were dissolved in 30 ec. of dry, redistilled pyridine and 
3.2 gm. (1.1 moles) of trityl chloride were added. The con- 
densation and the isolation of the product were performed 
precisely as previously described for the preparation of monotrityl 
uridine.* 

The crude product was a glass (weighing approximately 8 gm.) 
which was repeatedly triturated with pentane. The combined 
pentane solution was filtered and evaporated to dryness, giving a 
small amount of material which was discarded. The substance 
insoluble in pentane was obtained in crystalline form by dissolving 
in a little acetone, adding pentane to faint opalescence, and scratch- 
ing. It was recrystallized by dissolving in benzene and adding 
dry ether to faint opalescence. M.p. = 223-224°. The crystal- 
line product is soluble in the cold in absolute ethyl alcohol, abso- 
lute methyl alcohol, acetone, chloroform, carbon tetrachloride, 
benzene, pyridine, and ethyl acetate; very sparingly soluble in 
cold or hot dry ether; insoluble in cold and very sparingly soluble 
in hot pentane or heptane; sparingly soluble in cold but soluble in 
hot glacial acetic acid; insoluble in cold or hot water. It had the 
following composition. 


4.380 mg. substance: 12.400 mg. CO, and 2.190 mg. H,O 


7.950 “ a : 0.266 ce. N» (757 mm. at 21°) 
CiuHwOsN2. Calculated. C 77.44, H 5.5, N 3.85 
Found. “77.21, “ 5.6, “ 3.87 


The crystalline material had the following specific rotation 
= = +91.4° (in acetone). 

Crude monotrityl uridine (prepared as described by Levene and 
Tipson*) is invariably contaminated with a little ditrityl uridine. 
Instead of separating by fractional crystallization, purification 
may be much more readily achieved by taking advantage of their 
wide difference in solubility in benzene. Although glassy mono- 
trityl uridine is soluble in cold benzene, the crystalline material 
is only very sparingly soluble. By extracting the crude, finely 
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powdered, crystalline material with benzene, all the ditrityl uridine 
and a little mono derivative are extracted. In this way, 3 gm. of a 
slightly impure specimen of monotrityl uridine having [a]? = 
+17.6° (in acetone) gave 2.4 gm. of benzene-insoluble material 
having [a]®> = +8.8° (in acetone). The crystalline material 
(0.6 gm.) obtained by evaporating the benzene extract had [a]? 
= +54.5° (in acetone). 


.UM 


THE STRUCTURE AND THE PROPERTIES OF ACETONE- 
METHYLRHAMNOPYRANOSIDE 


By P. A. LEVENE ano IRVING E. MUSKAT* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 27, 1934) 


The work now communicated constitutes a part of the general 
plan for the preparation of partially substituted pentoses. In 
nature they occur as component parts of nucleic acids in the form 
of esters of phosphoric acid. It was especially desired to develop 
methods for the preparation of monophosphorie esters of pentoses 
having a definite known structure. 

In the case of glucose the key substance for the preparation of 
partially substituted derivatives has been monoacetone-glucose. 
In the case of rhamnose there are, a priori, two different types of 
monoacetone derivative possible—one having a furanose and the 
other a pyranose structure. The structure of monoacetone rham- 
nofuranose has been established by Freudenberg! as the 2,3- 
monoacetone derivative, thus leaving position (5) open for partial 
substitution. The position of the free hydroxyl group in the 
monoacetone-methylrhamnopyranoside might be in any position 
other than (1) and (5). It has now been found that in the acetone 
derivative of the methylrhamnopyranoside the acetone residue 
also occupies positions (2) and (3) (II), thus permitting the 
preparation of derivatives substituted in position (4). Of these, 
4-methylrhamnopyranose (III) and 4-p-toluenesulfonyl-rhamno- 
pyranose (IV) have, so far, been prepared. 

The former of these two substances served for the elucidation 
of the structure of monoacetone-methylrhamnopyranoside. On 
oxidation with silver oxide according to the procedure of Freuden- 
berg,' the silver salt of methyldihydroxybutyric acid (VII) was 
obtained. The formation of this substance was sufficient evidence 


* National Research Fellow in Chemistry. 
' Freudenberg, K., Ber. chem. Ges., 69, 836 (1926). 
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VA 
HC Cc 
\ 
O—=C—N—CH; H—C—0O—COCH; 
dias 
CH; 
CH; 
xI 
for the assumption that position (4) of the monoacetone-methyl- 
rhamnopyranoside was free in the original substance and had been 
substituted on methylation. 


The p-toluenesulfonate was prepared forthe purpose of possessing 
a derivative in which the group could be substituted by another, 
if so desired. Inasmuch as the final aim in the preparation of 
partially substituted pentoses was the synthesis of nucleosides, 
the bromoacetyl derivative of 4-methylrhamnose was condensed 
with silver theophylline (X). Incidentally it may be mentioned 
that evidence was obtained indicating the formation of an ortho- 
acetate (XI) when this bromoacetate was treated with methyl 
alcohol in the presence of quinoline. 


EXPERIMENTAL 


Preparation of Methylrhamnopyranoside (I)—Methylrhamno- 
pyranoside was first prepared by Fischer? who proved that it 
exists in two crystalline forms: (1) m.p. 109°, [a], = —67.2° (in 
water); (2) m.p. 140°, [a], = +95.2° (in water). For this inves- 
tigation the methylrhamnoside was prepared as follows: 5 gm. of 
dry rhamnose were dissolved in 50 cc. of methy] alcohol containing 
1.5 per cent of dry hydrogen chloride, and the solution was refluxed 
for 105 minutes. The solution was cooled, rendered neutrai with 
silver carbonate, and the mixture was filtered. The filtrate was 


? Fischer, W., Ber. chem. Ges., 28, 1158 (1895). 
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shaken with a little activated charcoal to remove traces of silver 
salts, and the mixture was again filtered. The colorless filtrate 
was evaporated to a thick syrup under diminished pressure, and 
the syrup was distilled. The entire product distilled without 
decomposition at 145-150° under 0.14 mm. pressure. No effort 
was made to crystallize the syrup and separate the a and 8 forms. 
The substance had the following composition. 


4.855 mg. substance: 8.462 mg. CO», 3.380 mg. H,O 


5.358 “ : 7.190 “ Agl 
C;H,,Os. Calculated. C 47.16, H 7.9, OCH; 17.42 
178.1 Found. * 


Preparation of Monoacetone-Methylrhamnopyranoside (II)— 
10 gm. of methylrhamnopyranoside were suspended in 200 cc. of 
acetone containing 0.2 per cent of sulfuric acid. Anhydrous 
cupric sulfate (20 gm.) was added and the mixture was shaken at 
37° for 20 hours. The mixture was filtered and the filtrate 
rendered neutral by shaking with calcium oxide. The calcium 
sulfate and excess calcium oxide were removed by means of 
filtration and washed with small quantities of acetone. The fil- 
trate was evaporated under diminished pressure and the residual 
syrup was distilled. The entire product distilled without decom- 
position at 110-112° under 1 mm. pressure. n?° = 1.4533. 

Its specific rotation was 


—0.42° x 100 


= —14.1° (i 
(in water) 


lalp = 


The substance had the following composition. 
4.752 mg. substance: 9.589 mg. COs, 3.550 mg. H,O 


5.920 “ : 6.346 “ Agi 
CyoH,;05. Calculated. C 55.02, H 8.3, OCH; 14.22 
218.1 Found. ** 55.02, “ 8.4, “ 14.14 


Preparation of Methylmonoacetone-Methylrhamnopyranoside 
(11I)—The acetone-methylrhamnopyranoside (21.8 gm.) was 
methylated by means of Purdie’s reagents (CH;I, 100 gm., and 
Ag,O, 116 gm.) and the product isolated as a colorless syrup. 
The methylation was twice repeated with half the above quantities 
of methylating agents and the product was isolated as a colorless, 


P. A. Levene and I. E. Muskat 435 


mobile syrup which distilled at 67-68° under 0.3 mm. pressure. 
n2* — 1.4369. Yield, 18 gm. (77.6 per cent). 


Its specific rotation was 
[a]p 2 x 0500 24.0° (in water) 


The substance had the following composition. 
4.160 mg. substance: 8.695 mg. CO:, 3.060 mg. H,O 


7915 “ “ 15.990 “ Agi 
Ci:HOs. Calculated. C 56.86, H 8.7, OCH, 26.72 
232.2 Found. “ 56.99, 8.2, “ 26.66 


The methylation of monoacetone-methylrhamnopyranoside 
was also carried out in liquid ammonia by the method recently 
described by Muskat.* Since the technique now used is different 
from that described in the preliminary paper, this methylation will 
be described in greater detail. 

Monoacetone-methylrhamnopyranoside (21.8 gm., 0.1 mole) 
was dissolved in about 150 cc. of anhydrous liquid ammonia and 
4.0 gm. (slightly more than 0.1 mole) of potassium, contained in a 
cylindrical cup made of platinum gauze, were suspended above the 
liquid ammonia solution of the sugar. Anhydrous liquid ammonia 
was then allowed to drop onto the potassium. The potassium 
readily dissolved in the liquid ammonia, and the solution so formed 
dropped into the sugar solution. Reaction took place imme- 
diately, as could be seen from the disappearance of the blue color 
of the solution of potassium in liquid ammonia. The mono- 
potassium salt of acetone-methylrhamnopyranoside was thus 
formed.‘ After all of the potassium in the platinum cup had 
dissolved and reacted with the sugar, the flow of liquid ammonia 
was stopped. The potassium salt of acetone-methylrhamno- 
pyranoside remained in solution (about 400 cc. of liquid ammonia). 

The methyl iodide may now be added to the liquid ammonia 
solution of the potassium salt, as was described in the paper 
referred to above ;* however, it is more satisfactory to isolate the 
salt and carry out the reaction with methyl iodide in the absence 


5 Muskat, I. E., J. Am. Chem. Soc., 56, 693 (1934). 
‘The apparatus and procedure used in this work will be described in a 
paper by one of us (Muskat) to appear soon. 


| 

| 

| 

KUM 


436 Acetone-Methylrhamnopyranoside 


of ammonia. The reasons for this changed procedure will be 
discussed in a paper by one of us (Muskat) to appear soon. 

The ammonia was completely removed by vaporization under 
strictly anhydrous conditions. The potassium salt of acetone- 
methylrhamnopyranoside remained as a white crystalline material 
which was hygroscopic. The reaction vessel containing the salt 
was cooled in an ice-salt bath and 50 cc. of anhydrous methyl 
iodide were added slowly with constant shaking. Reaction 
occurred very rapidly and heat was evolved. After all the methyl 
iodide had been added, the reaction product was thoroughly shaken 
for 10 minutes. In order to insure that the reaction was complete 
and that all the potassium salt had reacted with the methyl iodide, 
a sample of the product was removed and dissolved in water. The 
aqueous solution was neutral, showing that the potassium salt had 
reacted completely. 

The excess methyl iodide was now distilled from the reaction 
products and the residue was extracted several times with hot 
chloroform. The combined chloroform extracts were filtered and 
the chloroform was removed by vaporization. The residual oil 
distilled completely at 67-68° under 0.3 mm. pressure. Its 
physical properties and analysis showed it to be identical with the 
methylacetone-methylrhamnopyranoside prepared by the Purdie 
method described above. Yield, 21.8 gm. (94 percent). Besides 
giving a greater yield of product, the reaction is much more quickly 
carried out and is less expensive. 

Preparation of p-Toluenesulfonylacetone-Methylrhamnopyrano- 
side (IV)—p-Toluenesulfony] chloride (1.6 gm.) was added to a 
solution of acetone-methylrhamnopyranoside (1 gm.) in dry 
pyridine (1.5 cc.). The mixture was allowed to stand overnight 
at room temperature and then dissolved in chloroform with the 
addition of water. The aqueous portion was extracted twice with 
small quantities of chloroform. The combined chloroform extracts 
were then washed successively with dilute hydrochloric acid, 
dilute sodium hydroxide, and water. The chloroform solution 
was now dried over anhydrous sodium sulfate, filtered, and the 
solvent removed by vaporization under diminished pressure. 
The product was a pale yellow syrup which crystallized from ligroin 
(30-40°) in white needles, m.p. 58°. The compound was very 
soluble in the usual organic solvents with the exception of ligroin. 
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Its specific rotation was 
+0.294° x 100 


2x10500 7 +14° (in methyl alcohol) 


= 


The substance had the following composition. 
4.906 mg. substance: 9.890 mg. CO2, 2.800 mg. H,O 


9.360 “ 5.835 “ BaSO, 
Ci:H0:8. Calculated. C 54.80, H 6.5, 8.60 
372.26 Found. “ 54.97, “ 6.4, “8.56 


2 gm. of the p-toluenesulfonylacetone-methylrhamnopyranoside 
were heated in a sealed tube for 2 hours with 2 gm. of sodium iodide 
and 10 ce. of acetone at 100°. The solution was then evaporated 
to dryness under diminished pressure, and the dry residue extracted 
repeatedly with hot chloroform. The chloroform extracts were 
washed with dilute sodium thiosulfate solution and then with 
water. The chloroform extract was dried and the solvent removed 
by vaporization. The resulting oil (2 gm.) was crystallized from 
ligroin (30-40°) and melted at 58°. A mixture with the original 
p-toluenesulfonylacetone-methylrhamnopyranoside also melted 
at 58°. A qualitative test for halogen was negative. This is in 
accord with the previous finding that a p-toluenesulfonyl group 
attached to a secondary alcohol cannot be removed under these 
conditions. 

Preparation of Monomethylrhamnopyranose (V)—The methyl- 
monoacetone-methylrhamnopyranoside (14 gm.) was hydrolyzed 
with 2 per cent sulfuric acid (300 cc.) on the water bath during 
20 hours. All the methylmonoacetone-methylrhamnopyranoside 
had dissolved within this time. The solution was rendered neu- 
tral with barium carbonate, filtered, and the water removed 
under diminished pressure, at a temperature not exceeding 40°. 
The residual syrup was dissolved in acetone and filtered from ba- 
-rium salts. The acetone was removed by vaporization under di- 
minished pressure but the resulting yellow viscous syrup could not 
be distilled. In order to purify this syrup it was acetylated as 
described below. 

Preparation of Triacetyl-Monomethylrhamnopyranose (VI)—10 
gm. of monomethylrhamnopyranose were dissolved in a solution of 
20 ce. of acetic anhydride in 25 ce. of pyridine. The solution was 
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allowed to stand at 0° overnight and then poured onto ice with 
shaking. The ice-cold aqueous solution was extracted several 
times with small quantities of chloroform and the combined chloro- 
form extracts were washed with dilute sulfuric acid, sodium 
hydroxide, and finally with water. The chloroform solution was 
then dried over anhydrous sodium sulfate and the solvent removed 
under diminished pressure. The residual syrup distilled almost 
completely at 114-116° under 0.17 mm. pressure. n> = 1.4452. 
Its specific rotation was 
—0.38° x 100 


2 x 1.5600 = —12.2° (in methyl alcohol) 


lalp = 


The substance had the following composition. 
4.120 mg. substance: 7.760 mg. CO, 2.345 mg. H,O 


4.885 “ - : 3.800 “ Agl 

69.50 “ a required 6.9 cc. 0.1 Nn NaOH 
CisH»Os. Calculated. C 51.26, H 6.6, OCH; 10.20 
304.2 Found. “ 51.36, 6.4, “ 10.26 


Calculated, COCH; 42.43; found, 42.69 


Deacetylation of Triacetyl-Monomethylrhamnopyranose—De- 
acetylation of the triacetyl-monomethylrhamnopyranose (10 gm.) 
was carried out by dissolving the substance in methyl alcohol (250 
ec.) and adding one-thirtieth of the theoretical amount of barium 
methylate,® and then allowing to stand at 0° overnight. The 
solution was now saturated with carbon dioxide, 50 cc. of water 
added, and the solution again saturated with carbon dioxide. 
After the addition of a little characoal, the solution was boiled for 
a few minutes, filtered, and the solvent removed by vaporization 
under diminished pressure. The resulting glassy syrup was 
crystallized from a small amount of methyl alcohol. It was 
recrystallized from ethyl acetate and finally from acetone contain- 
ing a small amount of dry ether. The pure crystals melted at 
122°. Its specific rotation was 


+0.15° X 100 
2 X 0.580 
—0.15° 100 
2 X 0.580 


= +12.9° (in methyl alcohol) 


= —12.9° (in methyl alcohol with addition of ammonia) 


lalp = 


5 Levene, P. A., and Tipson, R.S., J. Biol. Chem., 93, 631 (1931). 
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The substance had the following composition. 
5.020 mg. substance: 8.700 mg. CO, 3.550 mg. H,O 


5.915 “ : 7.705 “ Agl 
Calculated. C 47.6, H 7.9, OCH; 17.42 
178.1 Found. “* 47.26,“ 7.9, “ 17.19 


The phenylhydrazone was prepared in the usual manner and 
was isolated as yellow needles. 1t decomposed at 176°. 

Oxidation of Monomethylrhamnopyranose—The monomethyl- 
rhamnopyranose was oxidized with silver oxide according to the 
method of Freudenberg.' 3 gm. of the sugar were heated on the 
water bath overnight with 36 gm. of silver oxide suspended in 150 
ec. of water. The reaction mixture was shaken frequently. The 
silver salts were then removed by means of filtration and the 
filtrate was concentrated to a small volume under diminished 
pressure. The solution was filtered while hot, and on cooling, 
crystals separated out. Absolute alcohol was added to hasten the 
crystallization. The pure white crystals were collected on a 
filter and dried. 

Its specific rotation was 
—0.50° X 100 


= i 
2 x 0.844 29.6° (in water) 


= 


The substance had the following composition. 


6.931 mg. substance: 6.335 mg. CO», 2.250 mg. H.O 


5.970 “ : 5.705 “ Agi 

6.931 “ :3.110 “ Ag 
C;sH,O.Ag. Calculated. C 24.90, H 3.8, OCH; 12.87, Ag 44.7 
240.95 Found. “* 24.92, “ 3.6, “ 12.61, “ 44.9 


Preparation of Bromodiacetyl-Monomethylrhamnopyranose 
(VIII)\—5 gm. of triacetyl-monomethylrhamnopyranose were 
mixed with 25 ce. of glacial acetic acid containing 40 per cent of 
dry hydrogen bromide.* The resulting solution was allowed to 
stand at room temperature for 60 minutes, after which the hydro- 
gen bromide gas was removed under diminished pressure at room 
temperature. The solution was then diluted with 100 cc. of 
toluene and evaporated to a thick syrup under diminished pressure 


* Levene, P. A., and Tipson, R. S., J. Biol. Chem., 92, 109 (1931). 
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at 35°. Two further portions of 50 cc. of toluene were run in and 
evaporated off. This syrup was now dissolved in 50 cc. of benzene 
and the solution was evaporated to a thick syrup. Traces of 
solvent were removed under a high vacuum at 35°. 

The resulting thick, pale yellow syrup was dissolved in the 
minimum of cold dry ether, a further 5 cc. of ether was added, and 
then ligroin was added to incipient turbidity. A little charcoal 
was added and the mixture shaken and filtered on a fluted filter, 
the filtrate obtained being absolutely colorless. On cooling in ice, 
crystallization set in. The colorless crystals melted at 104.5°. 

Its specific rotation was 
—7.16° X 100 

2 X 2.0050 


The substance had the following composition. 


9.995 mg. substance: 5.740 mg. AgBr (direct precipitation) 
C,,H,7O06Br (325.05). Calculated, Br 24.6; found, 24.44 


Preparation of Methyl-Diacetylmethylrhamnopyranoside (IX)— 
The bromodiacetyl-monomethylrhamnopyranose prepared from 
4 gm. of triacetyl-monomethylrhamnopyranose was dissolved in 
50 cc. of methyl alcohol. 10 gm. of dry freshly prepared silver 
carbonate were added and the mixture was shaken vigorously for 
15 minutes, after which no bromine was found in a small filtered 
test portion. The mixture was filtered, the silver salts well washed 
with dry ether, and the combined filtrate and washings evaporated 
to a thick syrup under diminished pressure. It was dissolved in dry 
ether, treated with charcoal, filtered, and the solvent removed by ~ 
vaporization. The syrup distilled at about 125-130° under 0.7 
mm. pressure. n24 = 1.4499. 

Its specific rotation was 
+0.95° X 100 

2 X 2.76 


[a] = = —178.6° (in chloroform) 


= +17.2° (in methyl alcohol) 


The substance had the following composition. 


4.091 mg. substance: 7.785 mg. CO2, 2.505 mg. H,O 
6.170 “ = : 9.482 “ Agl 
293.0 “ " required 20.65 cc. 0.1 Nn NaOH 
Ci2H»O;. Calculated. C 52.1, H 7.3, OCH; 22.46 
276.2 Found. 61.9, * 6.9, “ 20.2 
Calculated, COCH; 31.15; found, 30.3 
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Preparation of Methyldiacetyltheophylline-Rhamnopyranoside (X) 
—2 gm. of bromodiacetyl-monomethylrhamnopyranose were 
dissolved in 100 cc. of dry xylene. 2 gm. of the silver salt of 
theophylline, dried to constant weight at 140° under reduced pres- 
sure, were added and the mixture was allowed to stand on the water 
bath overnight, after which no bromine was found in a small 
filtered test portion. The mixture was filtered, and the almost 
colorless filtrate was shaken with charcoal and filtered again. On 
standing overnight at room temperature a small amount of theo- 
phylline was deposited. The filtrate from this was poured into 2 
liters of ligroin (30-40°) and the whole thoroughly stirred. The 
fluffy white precipitate was allowed to settle and then washed 
twice by decantation with ligroin. The precipitate was collected 
and dried. It has no definite melting point. It shrinks at about 
60°. This is characteristic of similar theophylline derivatives. 

Its specific rotation is 


—0.10° x 100 


sxe” —36.7° (in methyl alcohol) 


lalp = 


The substance had the following composition. 
4.700 mg. substance: 8.730 mg. CO2, 2.380 mg. HO 


4.565 “ ” : 0.504 cc. N (772 mm., 24°) 
CisH2OsN,. Calculated. C 50.94, H 5.66, N 13.2 
424.1 Found. ** 50.65, 5.66, 12.9 


Preparation of 1,2-Methylorthoacetyl-3-Acetyl-4-Methylrhamno- 
pyranose (XI)—The orthoacetate was prepared according to the 
method of Haworth.? 1 gm. of bromodiacetyl-monomethyl- 
rhamnopyranose was dissolved in dry methyl alcohol containing 1 
ec. of quinoline, and the solution allowed to stand at room tempera- 
ture for 90 minutes. 50 cc. of chloroform were then added and the 
quinoline was removed by shaking with dilute sulfuric acid. The 
chloroform extract was then washed with sodium bicarbonate and 
finally with water and then dried over anhydrous sodium sulfate. 
The chloroform was removed by means of suction, and the residual 
colorless oil was kept under a high vacuum overnight. n%4 = 
1.4540. 


? Haworth, W. N., J. Chem. Soc., 2862 (1931). 
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Its specific rotation was 


+1.63° X 100 
2 X 2.756 


= 


= +29.57° (in methyl alcohol) 


The substance had the following composition. 


4.295 mg. substance: 8.235 mg. COs, 2.850 mg. HO 
6.740 “ : 11.185 “ Agl 
269.0 “ " required 14.0 cc. 0.1 n NaOH 
Ci2H»O;7. Calculated. C 52.1, H 7.3, OCH; 22.46 
276.1 Found. ** §2.20, ** 7.42, “* 21.90 
Calculated. COCH; 15.6 for one acetyl group 
31.2 two “ groups 
Found. = 


The substance was therefore a mixture of the glycoside and the 
orthoacetate and no effort was made to separate them. 
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THE STABILITY OF CAROTENE IN OLIVE OIL 


By R. G. TURNER 


(From the Depariment of Medical Research, Wayne University, 
College of Medicine, Detroit) 


(Received for publication, March 1, 1934) 


In a previous communication (1) it was shown that carotene 
alone in olive oil at room temperature remains unchanged in color 
from 20 to 30 days, after which there is a rapid fading. It was 
found that the potency of the solutions weakens as the color fades, 
becoming non-curative when the red color is lost. The fading was 
inhibited by the addition of 0.1 per cent quinhydrone or 0.1 per 
cent hydroquinone. In solutions of carotene containing the 
former the fading began at from 30 to 60 days. Solutions con- 
taining the latter held their color and potency for from 90 to 120 
days or longer. 

Oleovich and Mattill (2) showed that there is no fading in 45 days 
of a solution of carotene in ethyl laurate with hydroquinone and if 
such a solution is kept in the dark, stoppered and at low tempera- 
ture, it remains stable for months. 

The reports of various investigators, Green and Mellanby (3), 
Glauzmann (4), and Oleovich and Mattill (2), are in confirmation of 
the findings reported by us (1), that carotene does produce a dis- 
tinct effect on growth in rats deprived of vitamin A and is protec- 
tive against xerophthalmia and upper respiratory diseases. 

This investigation includes a study of the stability of carotene 
dissolved in olive oil as compared to solutions of carotene dissolved 
in ethyl] laurate for a period of 12 to 17 months. 


EXPERIMENTAL 


Two sets of solutions were prepared for experimental study. In 
one set the carotene was dissolved in olive oil; in the other, ethyl 
laurate was used as the solvent. The solutions were prepared by 
dissolving 200 mg. of carotene in 100 cc. of each of the solvents. 
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These solutions were placed on a water bath at 50° for 1 hour and 
the carotene dissolved by frequent shaking. The carotene was 
prepared in this laboratory by the method of Moore (5); the 
uncorrected boiling point was at 179-184°. The mixtures were 
allowed to stand at room temperature overnight, then filtered, and 
each divided into four 25 ec. portions. These portions were num- 
bered Solutions 1 to 4 and organic reducing agents added as follows: 
to Solution 1, 0.1 per cent hydroquinone; Solution 2, 0.1 per cent 
quinhydrone; Solution 3, 0.05 per cent quinhydrone and 0.05 per cent 
hydroquinone; Solution 4, nothing. 

5 ec. portions of each of the above solutions were poured into 
small test-tubes, stoppered, and placed under the following con- 
ditions. 

Solutions 1-A to 4-A, room temperature (in the light) 
” 1-C “ 4-C, in oven at 37.5° 7 


“6 1-D “ 4-D, “ refrigerator at 10° (in the dark) 
“ 1-E “ 4E, “ oven at 100° (in the dark) 


All tubes were opened and exposed to the air for 5 minutes each 
day. The rate of fading was measured by comparing the color of 
the solutions in a Lovibond tintometer. In our former communi- 
cation (1) it was shown that the yellow Lovibond units do not fade 
until the red are practically diminished; therefore, only the red 
Lovibond units are plotted in the graphs. Readings were taken 
twice weekly. The solutions in olive oil were measured for a 
period of 17 months; those in ethyl laurate, for a period of 12 
months. The red Lovibond units are plotted for each solution 
tested and the rate of fading is shown in Charts 1 and 2 for solu- 
tions of carotene in olive oil and in Charts 3 and 4 for solutions of 
carotene in ethyl laurate. 


Results 


Stability of Carotene Solutions in Olive Oil—In Chart 1 Curve 1 
(X) shows the relative rate of fading of carotene solutions (meas- 
uring 12 red Lovibond units when fresh) in olive oil with organic 
reducing substances present. Deviations from this curve amount- 
ing to 1 red Lovibond unit were observed in some of the solutions 
and are represented as leaving the general course of loss in color 
by Curves 2 to 5. The error of 1 red Lovibond unit in measuring 
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the red color is not sufficient deviation for discussion. An error of 
this amount may be made in reading the tintometer. The devia- 
tions found are given only when they were observed constantly and 
consecutively in the weekly records. Fading of carotene solu- 
tions at 100° takes place much more rapidly than at room tem- 
perature or in the ice box. Even with stabilizers complete loss of 
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Cuart 1. Fading of solutions of carotene in olive oil with stabilizers. 
Curve 1 (X), rate of fading at room temperature exposed to light with 
hydroquinone, quinhydrone, or the mixture of the two stabilizers; at room 
temperature in the dark with quinhydrone; at 10° in the dark with each 
stabilizer or mixture. Curves 2 to 5 represent solutions deviating from 
Curve 1 by 1 Lovibond unit. Curve 2, solutions at room temperature in 
the dark with hydroquinone or with the mixture; Curve 3, solution at 
37.5° in the dark with hydroquinone; Curve 4, solution at 37.5° with quin- 
hydrone; Curve 5, solution at 37.5° with the mixture; Curve 6, solution at 
100° in the dark with hydroquinone; Curve 7, solution at 100° in the dark 
with the mixture; Curve 8, solution at 100° in the dark with quinhydrone; 
Curve 9, solution at 100° in the dark, no stabilizer. 
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color was observed at 3, 5, and 7 months, hydroquinone being 
more active as a stabilizer at this temperature than quinhydrone 
ora mixture of the two organic substances. With no stabilizer, 
represented by Curve 9, loss of color was complete in 12 days at 
100°. With stabilizers, either hydroquinone, quinhydrone, or the 
mixture of the two, the loss of color is apparently equal in rate, 
falling at the 6th month to 9 red Lovibond units and finally to 7 
and 6 red Lovibond units at the 15th month. These observations, 
contradictory to our previous observations, show quinhydrone to 
be practically as effective a stabilizer as hydroquinone. The solu- 
tions previously tested (1) with quinhydrone measured only 6 red 
Lovibond units when fresh and definite fading was observed after 
70 days at room temperature in the light, with complete loss of 
color at 90 days. With hydroquinone (1), solutions measuring 7 
red Lovibond units when first prepared, there was no fading for a 
period of 120 days. The staircase phenomenon (a drop of 1 to 2 
red Lovibond units every 4 or 5 months) observed in this investiga- 
tion with carotene solutions in olive oil with stabilizers may be due 
to a slow precipitating out of the carotene in solution. Slight 
deposits which failed to go back into solution after shaking were 
seen in the test-tubes. Apparently the saturation point is approxi- 
mately a solution reading 6 to 7 red Lovibond units. After this 
point is reached, further loss of color was not observed in 7 months. 

In Chart 2 is given the rate of fading of solutions of carotene in 
olive oil without stabilizers. Curve A is plotted for comparison 
and represents the general rate of fading with stabilizers. At room 
temperature in the light, carotene solutions alone (measuring 12 
red Lovibond units) lose color after 60 days, continuing gradually 
to the 9th month, when all of the carotene is converted to the 
achroo form and no red pigment exists. The staircase effect is not 
present, as found in solutions containing stabilizers, which indicates 
that the loss of color is due to the conversion of active carotene to 
achroocarotene. In our preliminary investigations (1) carotene 
solutions alone in olive oil at room temperature, in the light, began 
to fade at 30 to 40 days, with complete loss of color at the end of 
70 days. These solutions, however, measured 7 red Lovibond units 
when first prepared as compared with solutions in this investigation 
which measured 12. The conversion apparently is prolonged and 
not as rapid as the concentration of carotene in the solution in- 
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creases. The achroo form appears to be more soluble in oil than 
the active carotene, as the settling out is not as marked. The loss 
of color more closely reaches a definite curve without the staircase 
effect observed when stabilizers are present. The first drop to 11 
red Lovibond units, Curve B, may be due in part to the settling 
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Cuart 2. Fading of solutions of carotene in olive oil. Curve A, rate of 
fading with stabilizer; Curve B, solution at room temperature exposed to 
light, with no stabilizer; Curve C, solution at room temperature in the dark, 
no stabilizer; Curve D, solution at 37.5° in the dark, no stabilizer; Curve A, 
solution at 10° in the dark, no stabilizer; Curve E, solution at 100° in the 
dark, no stabilizer. 


out of the carotene. A similar solution at room temperature, 
placed in the dark, Curve C, showed no fading until after the 4th 
month, when it rapidly lost its pigmentation between the 6th and 
7th months. At body temperature, 37.5°, carotene solutions 
without stabilizers lose their color more rapidly than at room tem- 
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perature, 20-23°. The rate of fading is more rapid after the 2nd 
month, falling to 2 red Lovibond units in the 3rd month, then 
entirely losing its pigmentation between the 5th and 6th months. 
The effect of temperature at 37.5° was not noticeable in solutions 
of carotene containing stabilizers. At 10° solutions of carotene in 
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Cuart 3. Fading of solutions of carotene in ethyl laurate with stabiliz- 
ers. Curve 1 (X), rate of fading at room temperature exposed to the light 
with hydroquinone, quinhydrone, or the mixture of the two stabilizers; 
at room temperature in the dark with hydroquinone or with the mixture; 
at 37.5° in the dark with quinhydrone. Curves 2, 3, and 5 represent solu- 
tions deviating from Curve 1 by 1 Lovibond unit. Curve 2, solution at 
37.5° in the dark with hydroquinone; Curve 3, solutions at 10° in the dark 
with hydroquinone, quinhydrone, or the mixture; Curve 5, solution at room 
temperature in the dark with quinhydrone and solution at 37.5° in the dark 
with the mixture; Curve 4, solutions at 100° in the dark with hydroquinone 
or with the mixture; Curve 6, solution at 100° in the dark with quinhydrone; 
Curve 7, solution at 100° in the dark, no stabilizer. 


olive oil without stabilizers fade at the same rate as solutions con- 
taining stabilizers, Curve A. Therefore, the conversion of caro- 
tene to achroocarotene is inhibited by low temperatures. The 
addition of stabilizers which inhibit at room temperature and 
higher temperatures had no further effect on solutions that were 
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kept at 10°. The staircase effect, found for solutions of carotene 
alone in olive oil kept at 10°, gives further evidence that loss of 
color in these solutions is a matter of precipitation of the carotene 
itself until saturation is reached. At 100° the fading is rapid, 
complete loss of color taking place in 12 days. 

Stability of Carotene Solutions in Ethyl Laurate—Chart 3 repre- 
sents the fading of solutions of carotene in ethyl laurate with 
organic reducing stabilizers. The red Lovibond units of these 
solutions when first measured, read 9. The same sample of 
carotene was used in the preparation of these solutions as in the 
preparation of the olive oil solutions. These were prepared 6 
months later than the olive oil solutions and evidently some con- 
version to the achroo form had taken place in the solid state. 
Curve 1 represents the relative rate of fading of solutions of 
carotene in ethyl laurate, with stabilizers present, for a period of 
12 months. Deviations from this curve are indicated by Curves 
3,5, and 2. For all stabilizers studied the rate of fading of these 
solutions at room temperature shows a drop to 7 red Lovibond 
units in the 2nd to 3rd months, thereafter remaining at the same 
concentration. In the refrigerator at 10°, Curve 3, no loss of color 
was observed until the 2nd month, when it fell sharply to 7 red 
Lovibond units in the 3rd month, remaining at this level for 9 
months. The solution containing hydroquinone and kept at 37.5° 
fell to 7 Lovibond units at the end of the lst month, while with the 
mixture of quinhydrone and hydroquinone it did not reach this 
reading until the beginning of the 4th month. These variations, 
though slight, are probably due, as before stated, to the slow 
precipitation of carotene out of the solvent. Solutions in ethyl 
laurate with stabilizers kept at 100°, Curves 4 and 6, lose their 
pigment rapidly, reaching a reading of 2 red Lovibond units at the 
end of the 3rd month, then more slowly until there is final conver- 
sion of the pigment in the 7th month. The rate of fading at 100° 
with the solutions containing hydroquinone is nearly the same as 
that found for solutions of carotene in olive oil; with solutions 
containing quinhydrone or the mixture of stabilizers, fading was 
more rapid in the olive oil solutions. The rate of fading without a 
stabilizer at this high temperature of carotene dissolved in ethyl 
laurate is very rapid, complete loss occurring in 3 days. 

Solutions of carotene in ethyl laurate, with no stabilizer present, 
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fade more rapidly than solutions of carotene alone in olive oil. 
The rate of fading is shown in Chart 4. At room temperature, in 
the light, solutions lost their color in the beginning of the 3rd 
month. Solutions at room temperature, in the dark, lost color 
more rapidly than those left in the light. The pigment disap- 
peared in 35 days. At 37.5° complete loss of color was observed in 
24 days, while in olive oil complete loss of color did not occur until 
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Cuart 4. Fading of solutions of carotene in ethyl laurate. Curve 1, 
rate of fading with stabilizer; Curve 2, solution at room temperature, ex- 
posed to light, with no stabilizer; Curve 3, solution at room temperature in 
the dark, no stabilizer; Curve 4, solution at 37.5° in the dark, no stabilizer; 
Curve 5, solution at 10° in the dark, no stabilizer; Curve 6, solution at 100° 

in the dark, no stabilizer. 


the 5th month. At 10° fading was complete after the 3rd month, 
while with olive oil as the solvent fading was at the same rate as 
for solutions containing stabilizers. Therefore, carotene dissolved 
in ethyl laurate is not as stable as carotene dissolved in olive oil 
unless organic stabilizers are present. 

Potency of Carotene in Olive Oil—The solutions of carotene in 
olive oil used in the foregoing experiments were prepared April 11, 
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1932. Curative tests at this time on animals (albino rats) suffer- 
ing from vitamin A deficiency gave the following results. 


No. of rats | Initial age | Initial weight] Maximum | Weight at start} Weight at end 


gm. 


2 25 34 60 103.5 
76.0 


The technique for the bioassay was identical to the procedure 
followed in a previous communication (1). Two vitamin-deficient 
rats were fed 0.1 cc. daily of the original carotene solution diluted 
so that 0.05 ce. contained 0.005 mg. of carotene. Three vitamin- 
deficient animals were fed 0.05 ec. daily. The former received 
0.01 mg. of carotene daily and the latter, 0.005 mg. daily. 

1 year later, April 11, 1933, Solution 1-B, which was kept at 
room temperature in the dark and contained 0.1 per cent hydro- 
quinone and showed the typical fading curve for solutions of caro- 
tene in olive oil containing stabilizers, was diluted with olive oil 
to secure the following solutions. 
Solution a, 0.05 cc. equivalent to 0.02 mg. carotene 


“ b, 0.05 “ “ “ 0.01 “ “ 
“ 0.05 “ “ 0.005 


Solution 1-B at this date measured 6 red Lovibond units as 
compared to 12 when first prepared. 

In a like manner Solution 3-B, which contained hydroquinone 
and quinhydrone and which was kept at room temperature in the 
dark, was diluted. Only Solution b (containing 0.01 mg. of caro- 
tene) and Solution ¢ (containing 0.005 mg. of carotene) were tested 
for their potency. Solution 3-B at this date, 1 year after prepara- 
tion, showed a red Lovibond unit reading of 6. Solution 4-B, 
which contained no stabilizer and was completely faded before the 
end of 1 year, was diluted 1:1. The amount of carotene present 
in these solutions after standing 1 year is calculated as though no 
fading or precipitation occurred. 

The results of feeding Solutions a, b, and ¢ of carotene in olive 


oil are presented in Table I. 
A biological unit for vitamin A is considered as that amount of 
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supplement required to induce an average increase in body weight 
of 3 gm. per week for a definite period of time. The time allotted 
in these experiments is 35 days. Therefore, an increment of 15 
gm. is the gain produced by an equivalent of 1 vitamin A unit. 
The results show that the carotene solution when first prepared did 
not produce the required increase in weight equivalent to 1 bio- 
logical unit when fed at a level of 0.005 mg. daily. The average 
gain in weight for three rats is 9 gm. for the 35 day period. Two 
animals receiving 0.01 mg. of carotene daily made an average gain 
of 43.5 gm. This solution (No. 1-B) measured 6 red Lovibond 
units 1 year later. The average gain for four rats receiving sup- 


TABLE 
Effect of Feeding Solutions Prepared from Original Solutions 
The initial age of the rats was 25 days. 


Maxi- | Weight 


mum 
weight 


From Solution 1-B 
Solution a, 0.02 mg. carotene 
b, 0.01 “ 
0.005 “ 
From Solution 3-B 
Solution b, 0.01 mg. carotene 
“ 0.005 “ 
From Solution 4-B 
0.05 mg. carotene 


36 98 
45 98 
35 68 
39 68 
38 66 
40 66 


posedly 0.02 mg. of carotene daily is 24 gm. Animals fed 0.01 
mg. daily made an average gain of 22 gm., while those fed at a 
level of 0.005 mg. daily showed only an average gain of 1 gm. 
This solution contained hydroquinone. The test shows it to 
contain about one-half the biological units that it originally 
contained. Likewise, the tintometer reading was exactly one- 
half the original reading of 12. Solution 3-B, which contained 
hydroquinone and quinhydrone as stabilizers, when fed at a 0.01 
mg. level gave an average gain for three rats of only 3 gm. Five 
animals showed a loss in weight when fed 0.005 mg. daily. The 
tintometer reading of this solution was likewise 6, but the activity 


Weigh 
gm. gm. gm. gm. 
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less than in Solution 1-B. Therefore, the red Lovibond unit is not 
a true indication of the potency of carotene solutions as compared 
to the biological test. Solution 4-B was fed at a level of 0.05 ce. 
daily. This would be equivalent to 0.05 mg. of carotene calcu- 
lated from the original amount of carotene present. Two rats 
fed the preparation showed no gain in weight. 


Comment 


The exactness of the biological assay of these solutions may be 
questioned because of the small number of experimental animals 
used for testing each solution. Sherman and Batchelder (6) sug- 
gest that nine or more experimental animals should be employed at 
each level of feeding when assaying an oil. Coward (7) recently 
has shown that the probable error for female rats during a period of 
5 weeks is 24 per cent above and 19 per cent below the true value. 
The number of animals used in these experiments depended largely 
on the amount of the supplement at hand. The groups ranged 
from two to five rats. The results, however, show the effect of age 
on the potency of a solution of carotene in olive oil. 

With hydroquinone as a stabilizer, a 0.2 per cent solution of 
carotene in olive oil loses approximately one-half its vitamin A 
activity during a period of a year. Light and temperatures to 
37.5° have little effect on this loss of activity. Temperatures of 
100° hasten the destruction. Cold apparently aids in preventing 
the transformation of carotene to the achroo form, since, with no 
stabilizer present, at 10° the loss in color is no greater than with 
stabilizers present. Quinhydrone acts equally as well as hydro- 
quinone in preventing loss of color. 

The rate of fading is approximately the same for solutions of 
carotene in olive oil and solutions of carotene in ethyl laurate when 
stabilizers are present. Without stabilizers destruction is more 
rapid in solutions of carotene in ethyl laurate. Complete loss of 
color is observed in 3 to 4 months at room temperature. With 
olive oil as the solvent complete loss of color was observed at from 
6 to 9 months. With stabilizers present solutions tend to hold 
their red pigmentation at a level of 6 to 7 red Lovibond units for a 
period of 12 to 17 months. Their activity at this time is approxi- 
mately one-half the original potency. Apparently the loss of 
potency in solutions of carotene of high concentration is not due 
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entirely to the conversion of the active form to the inactive form. 
A slow precipitating out of solution until a saturation point is 
reached is thought to be another cause for loss in color and potency 
of carotene solutions. 


SUMMARY 


A 0.2 per cent solution of carotene in olive oil or ethyl laurate 
loses part of its activity in the course of 12 to 17 months, even in 
the presence of organic stabilizers. The number of red Lovibond 
units falls in both solutions to approximately 7 where it remains 
unchanged. Without organic stabilizers loss of color is far more 
rapid, unless the solution of carotene is in olive oil and kept at 10°. 


The author is greatly indebted to Dr. R. Adams Dutcher, Head 
of the Department of Agricultural and Biological Chemistry at 
the Pennsylvania State College, for corrections and suggestions in 
the preparation of this paper. 
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THEORETICAL CONSIDERATIONS CONCERNING THE UNION OF 
OXYGEN AND CARBON MONOXIDE WITH HEMOGLOBIN 


By ELLIOTT T. ADAMS 
(From the Biochemical Laboratory of Harvard Medical School, Boston) 


In equilibria involving hemoglobin, oxygen, and carbon mon- 
oxide it has long been known that 


[Carbonylhemoglobin]/[oxyhemoglobin] = ay/zx (1) 


and that 
z = f(z + ay) (2) 


where x denotes the partial pressure of Oz, y the partial pressure of 
CO, z the degree of saturation, and a a constant. It is highly 
probable that analogous equations govern equilibria involving 
hemoglobin and two molecular isotopes of O.. If so, we may say 
that CO behaves in hemoglobin equilibria very much as if it were 
a molecular isotope of O.. Now, in so far as its relations with 
hemoglobin are concerned CO resembles a molecular isotope of 
O, in other ways. We are thus led to the following principle. 
Carbon monoxide behaves, in so far as its relations with hemo- 
globin are concerned, in fundamentally (though not exactly) the 
same way as it would if it were a molecular isotope of oxygen. 

It is a consequence of this principle that any theory capable 
of explaining the shape of the oxygen dissociation curve can be 
extended to explain Equations 1 and 2. Theories consistent with 
the principle have been proposed by Douglas, Haldane, and Hal- 
dane (1912) and by Hill (1921) to explain these equations. In 
my opinion they are best explained on the basis of an extended 
form of Adair’s theory (1925) or some slight modification of his 
theory. Such theories lead to the equation 


+ ay) + 3bibyw*(x + ay)? + 3b: b2bsw* (x + ay)* + bibsbsbaw*(z + ay)* 


~ 1 + + ay) + Gbibyw*(x + ay)* + + + + ay)* 

where b;, be, b;, and b, are constants and w is a function of the 

H+. This equation reduces to Adair’s equation for the oxygen 

dissociation curve (1925) when y = 0. 
iii 
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SOURCE OF GLUCURONIC ACID 


Br ANTHONY M. AMBROSE anp CARL P. SHERWIN 
(From the Chemical Laboratory, Fordham University, New York) 


The work of Miller, Brazda, and Elliot,! seems to indicate that 
glucuronic acid is derived chiefly from mucin and may be stored 
in the body, in the form of conjugated proteins, and utilized for 
detoxication purposes whenever required. 

Work in our laboratory seems to indicate that this is not the 
chief source of glucuronic acid which is used for detoxication pur- 
poses. We believe that glucuronic acid may exist preformed to 
some extent in the body in the form of mucin. However, we 
believe that the greater part of it used in detoxication reactions is 
synthesized from glycogenic substances. 

In our present experiments we have fed dogs benzoic, phenyl- 
acetic, and p-aminobenzoic acids on a carbohydrate diet, also a pro- 
tein diet both with and without mucin over a period of 8 weeks, 
and we are not able to increase the yield of glucuronic acid under 
these conditions by the simultaneous feeding of mucin. 


THE PREPARATION AND PROPERTIES OF CYSTINE HYDANTOIN 


By JAMES C. ANDREWS ann KATHLEEN CRANDALL ANDREWS 
(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 

Preliminary to some studies of the biological behavior of certain 
cyclic derivatives of cystine a more exact study was made of the 
properties of cystine hydantoin. We prepared this compound both 
by the methods of Brenziger and Friedmann with KCNO and 
also by direct fusion of /-cystine with a mixture of 80 per cent urea 
and 20 per cent water at a temperature not exceeding 120°. The 
final products are, by either method, identical. 

Pure cystine hydantoin is insoluble in methyl, ethyl, butyl, and 
amyl alcohols, acetone, chloroform, carbon tetrachloride, benzene, 
and toluene; slightly soluble in glacial acetic acid (0.00207 mole 
per liter at 25°) and in water (0.00045 mole per liter at 25°), but 
sufficiently soluble in water at 100° to make crystallization from 

1 Miller, C. O., Brazda, F. G., and Elliot, E. C., Proc. Soc. Exp. Biol. 
and Med., 30, 633 (1932-33). 
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water the best means of purification. Like cystine phenylhydan- 
toin it dissolves easily in aqueous alkaline solutions with decom- 
position. It is soluble in cold concentrated sulfuric acid, and in 
anhydrous pyridine to the extent of 0.033 mole per liter at 25°. 

Its optical activity is remarkably high; in anhydrous pyridine, 
[«]® = —411°. On heating, it decomposes without melting at a 
temperature above 300°. With copper sulfate its water solution 
gives a vivid biuret color and it reacts towards the Folin uric acid 
reagent as does an equivalent amount of cystine. 

It is readily oxidized by bromine to the corresponding sulfonic 
acid (cysteic acid hydantoin) which, like cysteic acid phenyl- 
hydantoin, crystallizes out as the hydrobromide. M.p. = 118°; 
in anhydrous acetone, [a]?> = —31.7°. 


THE PREPARATION OF CRYSTALLINE £-l-ALTROSE, A NEW 
ALDOHEXOSE, FROM /-RIBOSE BY THE 
CYANOHYDRIN REACTION 


By W. C. AUSTIN anp FRED L. HUMOLLER 
(From the Department of Physiological Chemistry, Loyola University 
School of Medicine, Chicago) 

After having announced the preparation of crystalline /-ribose 
by improved methods, Austin and Humoller® next reported the 
preparation of crystalline /-allonolactone, calcium /-altronate, and 
B-l-allose (a new aldohexose) from J-ribose by the cyanohydrin 
reaction. The calcium /-altronate has now been freed from cal- 
cium by oxalic acid, giving the sirupy /-altronolactone, which 
showed [a]-* = —37.2°, in water, comparable to the value 
[a]? = + 35.2°, given for sirupy d-altronolactone by Levene and 

. Jacobs. The reduction of this /-altronolactone in the usual man- 
ner with sodium amalgam gave a sirup from which /-altrose crys- 
tallized. This second new aldohexose from /-ribose melted at 107— 
109.5°, and possessed an initial [a]? = —28.75°, in water, changing 
to the observed equilibrium value, [a]? = — 32.30°. Considera- 
tions of the course of the slight mutarotation and the nomenclature 
of Hudson identify the crystalline form of this sugar as B-l-altrose. 

Characteristic derivatives, prepared from the /-altrose, were the 


2 Austin, W. C., and Humoller, F. L., J. Am. Chem. Soc., 64, 4749 (1932); 
56, 2167 (1933). 
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phenylosazone, melting at 165°, and the benzylphenylhydrazone, 
melting at 147-148°. The reducing value of the /-altrose was 80 
per cent of that of d-glucose. The synthesis of this /-altrose com- 
pletes the list of the sixteen theoretically possible aldohexoses 
which have been prepared, although it marks only the eighth 
representative of the group which has been crystallized. 


THE SULFUR DISTRIBUTION IN PROTEINS 


By HARRY D. BAERNSTEIN 


(From the Laboratory of Physiological Chemistry, University of 
Wisconsin, Madison) 


This problem has been studied again with improved methods. 
For hydrolysis hydriodic acid is employed instead of hydrochloric. 
The advantages gained are many, including more rapid hydrolysis 
without the formation of humin, the simultaneous demethylation 
of methionine, the quantitative reduction of cystine, and the reduc- 
tion of sulfates to HS. 

Methionine is determined by a modification of the Viebéck and 
Schwappach technique, in which methyl iodide is converted to 
iodate and subsequently titrated with thiosulfate after freeing 
the iodine. 

Cystine is determined by the highly specific Sullivan method, 
without the disadvantages of decolorization and cyanide reduction. 

The small amount of H.S formed probably from sulfates is deter- 
mined by the method of Kahn and Leiboff in which, after oxidation 
to sulfate and precipitation with benzidine, the precipitate is dis- 
solved, diazotized, and coupled with phenol to give a dye. 

During the course of these experiments a new derivative of 
methionine was isolated from the digests. On analysis it proved 
to be the thiolactone of homocysteine. 


H H NH; 


s—C—C—C—C=0 


This class of lactones seems not to have been investigated hereto- 


fore. 
A theory to account for the specificity of the Sullivan reaction 


for cysteine is proposed. 
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THE OXIDATION-REDUCTION POTENTIALS OF LACTOFLAVINE 


By E. 8S. GUZMAN BARRON anp A. BAIRD HASTINGS 


(From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago) 


There exists in the animal and vegetable kingdoms a group of 
related pigments, the lyochromes (flavines), which recently have 
been identified with vitamin B, by Kuhn, Gyérgyi, and Wagner- 
Jauregg. As shown by them, they are capable of being reversibly 
oxidized and reduced. 

We have determined the oxidation-reduction potentials of lacto- 
flavine at different pH values. The titration curves of the pig- 
ment on the acid side lie between the curves given by systems 
with a 2 electron transfer and with a 1 electron transfer. This fact 
would suggest that the oxidation of leucolactoflavine in acid solu- 
tions is similar to the two-step oxidation systems described by 
Michaelis. On the alkaline side the curves overlap to such an 
extent that they are similar to curves with a 2 electron transfer. 
From pH 1.46 to 5.33, —AE,/ApH is 0.06 volt; above pH 6.0, 
—AE,/ApH changes toward a 0.03 slope. The middle normal 
potential of the system at pH 0 has been calculated as +0.187 volt. 

As a reversible oxidation-reduction system lactoflavine may act, 
like methylene blue or the hemochromogens, as an oxidizing cata- 
lyst. Because of its rather negative potential, its réle as such 
must be more limited than that of the hemochromogens. Lacto- 
flavine is partially reduced in the absence of oxygen by lactate 
activated with a-hydroxyoxidase. Added to rabbit red blood 
cells or to a-hydroxyoxidase and lactate it increases their oxygen 
consumption very little. 


NITRATE AND NITRITE ASSIMILATION 


XX. FORMATION OF ACTIVE HYDROGEN DURING AUTOXIDA- 
TION OF FERROUS HYDROXIDE 


By OSKAR BAUDISCH 
(From the Department of Chemistry, Yale University, New Haven) 


(not magnetic) 


Aged white ferrous hydroxide (fe 


Freshly precipitated ferrous hydroxide 
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The fact that oxidation of aged hydroxide yields a- and y-oxides 
and not the a- and y-hydrates indicates that aerobic aging leads 
to ferrous oxide. The outstanding difference between the aged 
and the fresh ferrous hydroxide is, therefore, the absence or pres- 
ence of 1 water molecule of constitution, which, if split off in the 
presence of molecular oxygen, dissociates at room temperature into 
active hydrogen and OH ions, HO — H + OH(H,02). 

This can be demonstrated by a simple procedure suitable for a 
lecture experiment. If to a solution of ferrous bicarbonate, con- 
taining alkali nitrates, OH ions are added in absolute absence 
of oxygen, white ferrous hydroxide precipitates out and remains 
white permanently. The reaction KNO; — KNO, + O does not 
take place in spite of the strong reducing divalent iron which re- 
duces KNO, instantaneously to KNO. Only in the presence of 
molecular oxygen (air) is KNO; reduced to KNO, at room temper- 
ature. 

Since, however, aged ferrous hydroxide in presence of KNO; 
and of molecular oxygen does not reduce KNO; to KNOk, it follows 
that the water which splits off from freshly precipitated Fe(OH). 
dissociates under formation of active hydrogen. This molecule 
is water of constitution and is not adsorbed, nor is it water of solva- 
tion. Ferrous hydroxide, which has aged for a sufficient time and 
which has lost its water of constitution, has, therefore, lost the 
power of reducing nitrates in presence of oxygen at room tem- 
perature. 


THE PRODUCTION OF KYNURENIC ACID FROM TRYPTOPHANE 
AND INDOLE DERIVATIVES 


By LYLE C. BAUGUESS ann CLARENCE P. BERG 
(From the Biochemical Laboratory, State University of Iowa, Towa City) 


The production of kynurenic acid from derivatives closely re- 
lated to tryptophane serves as a means of indicating whether the 
animal organism is able to accomplish the changes necessary to 
convert such derivatives into tryptophane itself, or into some 
product intermediate in the transformation of tryptophane to 
kynurenic acid. With this in mind, a number of l-tryptophane and 
indole derivatives were prepared and administered to rabbits, both 
per os and subcutaneously in amounts molecularly equivalent to 
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1 gm. of tryptophane and the kynurenic acid produced was esti- 
mated. 

Two types of /-tryptophane derivatives were employed, tryp- 
tophane amides (the free amide, the monoethyl, and the diethyl 
amides, the anilide, and the ethyl anilide) and substituted carbonic 
acid derivatives of tryptophane (carbomethoxy, carboethoxy, 
carbopropoxy, carbophenoxy, and carbobenzoxy). Of the former 
all were as efficient as free /-tryptophane in producing kynurenic 
acid; of the latter none underwent conversion. 

Of the several indole derivatives prepared and tested (8-3- 
indoleacrylic acid, a-oximino-8-3-indolepropionic acid, and dl- 
8-3-indolelactic acid, and 8-3-indolepyruvie acid), only the 
indolepyruvic acid and the dl-8-3-indolelactic acid yielded kynure- 
nic acid. The amount isolated after the administration of these 
two derivatives was much smaller than that from an equivalent 
amount of l-tryptophane. This suggests that the compounds are 
probably not intermediates in the conversion of tryptophane to 
kynurenic acid. 


THE EXCRETION OF THIOCYANATE IN MAN AND THE RABBIT 


By EMIL J. BAUMANN, NANNETTE METZGER, anv 
DAVID B. SPRINSON 


(From the Laboratory Division, Montefiore Hospital, New York) 


Exogenous SCN—The Crucifere contain inorganic thiocyanate 
as well as mustard oil glucosides which may be partly hydrolyzed 
in man and to a much greater extent in the rabbit and excreted as 
inorganic SCN. Plants containing cyanogenetic glucosides may 
also give rise to a little urinary SCN, especially in the rabbit, 
though ordinarily these glucosides are not hydrolyzed in the ali- 
mentary tract. Thiocyanate is excreted with great difficulty in 

man. A single dose of 0.3 to 1.0 gm. will not be completely ex- 
creted for more than 3 weeks. In the rabbit, on the other hand, 
comparable doses will be excreted in a few days. 

That some urinary SCN might be of endogenous origin is in- 
dicated by the fact that following catharsis the daily output is 
considerably reduced. We infer from this that either CN or SCN 
is formed in the alimentary tract. 
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That cyanide may be a product of metabolism and be excreted 
as SCN is more difficult to prove. As yet we have no clear cut 
evidence in favor of such a view. 


POTENCY OF VITAMIN A AND VITAMIN D OF HALIBUT LIVER OIL, 
CORRELATED WITH SEASONAL VARIATIONS IN THE OIL 
CONTENT OF HALIBUT LIVER 


By CHARLES E. BILLS, MIRIAM IMBODEN, anp 
J. C. WALLENMEYER 


(From the Research Laboratory, Mead Johnson and Company, 
Evansville, Indiana) 


A record was kept, week by week, of the halibut livers obtained 
in the vicinity of Seattle. From the yields of oil commercially 
rendered, and the oil lost in liver residues, the oil content of the 
livers was calculated throughout the fishing season. Weekly as- 
says for vitamin A were made spectrographically, and for vitamin 
D by the line test. 

From January to June the oil content moves slightly upward; 
then it suddenly increases until in August it has doubled; there- 
after it declines. The potency of the oil in both vitamins A and D 
moves inversely with the oil content of the liver, but the vitamin A 
fluctuates more widely than the vitamin D. Thus, the oil content 
in January and August was 12 and 25 per cent respectively, the 
vitamin A potency 240,000 and 35,000 international units, the 
vitamin D potency 1400 and 900 international units. The in- 
verse relation of vitamin D potency and oil content was demon- 
strated some years ago by Hess, Bills, and Honeywell; it is now 
shown again in studies on tuna fish liver, in which the exceptionally 
low oil content of 4 per cent is related to the extraordinary potency 
of 7500 international units per gm. 


CELL LIPIDS AND FUNCTION IN MUSCLE 


By W. R. BLOOR ann RUTH H. SNIDER 
(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 
In earlier work on various tissues and organs there was found a 


definite relation between what was called physiological activity or 
function and the content of the tissue in cell or essential lipids— 
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phospholipid and cholesterol. Since in most of these tissues 
function involved a number of activities, it was felt that better 
progress would be made in the knowledge of the physiology of the 
lipids if a tissue was chosen which had a minimum of activities, 
and, for this reason, muscle was chosen. 

In the first work on this tissue it was found that beef muscles 
when arranged in the order of their cell lipid content were also in 
the order of their activity. In the present work the lipid content 
of various muscles of the same animal was examined and com- 
pared with the same muscles in different species and types of 
animal. The types chosen were (1) the cat, carnivorous, (2) the 
rabbit, herbivorous, (3) the pigeon, a strong flier, and (4) the hen, 
a non-flying bird. In general the same relative differences 
were found as in the beef. The heart muscle always had the 
highest values for phospholipid and cholesterol; jaw, neck, and 
diaphragm next, with the remaining muscles considerably lower. 
Some notable and significant exceptions were found. For example 
the pectoral muscles of the pigeon had a much higher content 
than the pectoral muscles of the other animals. The muscles of 
the abdominal wall in the birds (which function in respiration) 
had a much higher content of cell lipids than those of the abdomi- 
nal wall in mammals and even higher than the similarly function- 
ing diaphragm in mammals. 


SIGNIFICANCE OF CLINICAL AND EXPERIMENTAL SERUM PHOS- 
PHATASE VARIATIONS; THEIR OSSEOUS AND 
NON-OSSEOUS ORIGINS 


By AARON BODANSKY anp HENRY L. JAFFE 
(From the Laboratory Division, Hospital for Joint Diseases, New York) 


Osseous Origin—The normal averages of serum phosphatase 
(about 2.7 and 8.0 units per 100 cc., respectively, in adults and 
children) were greatly exceeded in polyostotic Paget’s disease (up 
to 50 times), rickets (up to 20 times), hyperparathyroidism (10 
times). Smaller increases were found in generalized osteoporosis 
(clinical and experimental), osteomalacia, “marble bones,” fragi- 
litas ossium (inconstantly), localized Paget’s disease, bone tumors, * 
local bone atrophy, fractures (inconstantly), osteomyelitis, 
Gaucher’s disease, and. acromegaly. In senile osteoporosis, 
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localized bone cysts, calcinosis, and achondroplasia serum phos- 
phatase was normal. It was low in cretinism. High serum 
phosphatase is a manifestation of the same processes that cause 
the rapid growth of bone in the normal young, of new bone (repair), 
of calcified and uncalcified pathological bone (Paget’s disease and 
rickets). 

Non-Osseous Origins—Phosphatase was high in acute catarrhal 
jaundice, as well as in other cases of jaundice and liver involve- 
ment. After ingestion of dextrin or glucose serum phosphatase 
rose in young dogs, indicating overproduction or oversecretion of 
intestine, liver, kidney, and muscle phosphatase as a result of the 
function of these organs in carbohydrate absorption and metab- 
olism. Rising serum phosphatase was found in new born nursing 
puppies, and declining phosphatase in new born fasting puppies. 

Serum phosphatase returned to or approached normal after a 
normal state was restored in the clinical and experimental subjects. 

Serum phosphatase is probably of diverse origin; its increase or 
decrease is caused by pathological or functional stimulation or 
suppression of the activities of specific tissues. 


FURTHER EXPERIMENTS ON THE CONCENTRATION AND 
CHEMICAL NATURE OF VITAMIN G (B:) 


By LELA E. BOOHER 
(From the Department of Chemistry, Columbia University, New York) 


A method for concentrating the vitamin G activity of whey 
powder 50-fold by means of three simple, successive extraction 
procedures has been described earlier. This concentrate has now 
been subjected to further purification processes including adsorp- 
tion and precipitation procedures with resultant increase in vitamin 
G potency. The present experiments indicate, as seemed probable 
from the earlier work, that the vitamin G activity of whey is 
definitely associated with the water-soluble yellow-green flu- 
orescent pigment, “‘lactochrome.” 

The method for the quantitative determination of vitamin G, 
as used in this laboratory, has been critically reexamined in con- 
sideration of the present availability of both vitamin B (B,) and 
vitamin G (B.) in pure form or in preparations of considerably 
enhanced potencies. 
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THE INFLUENCE OF DRUGS ON OXIDATIONS OF THE BRAIN 


By ERWIN BRAND, F. C. BRAND, anv H. HERRMANN 


(From the Department of Chemistry of the New York State Psychiatric 
Institute and Hospital, New York) — 


The influence of various drugs on the oxygen consumption of 
hashed brain tissue was studied with the aid of the Barcroft- 
Warburg apparatus. The effect of varying concentrations of the 
drugs under investigation on the autoxidation of brain tissue and 
on the oxidation of various substrates by brain tissue will be re- 
ported. The implications of these findings regarding brain metab- 
olism under normal and abnormal conditions will be pointed out. 


THE RELATION BETWEEN THE CHOLESTEROL PARTITION AND 
THE TOTAL PROTEIN CONTENT IN PATHOLOGICAL BODY FLUIDS. 
THE STATE OF CHOLESTEROL IN SUCH FLUIDS 


By MAURICE BRUGER 


(From the Department of Medicine, New York Post-Graduate Medical School 
and Hospital, New York) 


The total cholesterol, ester cholesterol, and total protein content 
of twenty-nine pathological body fluids (pleural and ascitic) were 
determined. The observation of Foord, Youngberg, and Wetmore’ 
and more recently of Man and Peters‘ that the cholesterol content 
of such fluids varies almost directly with the total protein content 
is confirmed. No relation was observed between the total cho- 
lesterol content of pleural and ascitic fluids and that of the blood; 
the ratio of free to ester cholesterol in such fluids was almost 
identical with that of the plasma in many instances, although 
some notable exceptions were encountered. 

Experiments on ultrafiltration, filtration with a Berkefeld filter, 
and kieselguhr adsorption with pathological body fluids are also 
reported. The degree of permeability of artificial membranes for 
protein is reflected in their permeability for other colloids, such as 
cholesterol. This statement probably holds true for body mem- 
branes as well. The concentration of protein in the ultrafilter 


3 Foord, A. G., Youngberg, G. E., and Wetmore, V., J. Lab. and Clin. 
Med., 14, 417 (1928-29). 
* Man, E. B., and Peters, J. P., J. Clin. Inv., 12, 1031 (1933). 
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residue is accompanied by a like concentration of cholesterol. 
The adsorption of cholesterol and not protein to the Berkefeld 
candle and to kieselguhr would indicate that either a weak cho- 
lesterol-protein combination or none at all exists in such pathologi- 
cal fluids. 


LIVER FUNCTION IN EXPERIMENTAL HYPERTHYROIDISM 


By MARY V. BUELL anp MARGARET B. STRAUSS 


(From the Cardiographic Laboratory and Chemical Division, Department of 
Medicine, the Johns Hopkins Hospital and the Johns Hopkins 
University, Baltimore) 


The suggestion of Buell, Strauss, and Andrus that the function of 
liver in synthesizing glycogen from lactic acid may be impaired in 
the hyperthyroid individual has been supported by experimental 
evidence. 

The fate of d-lactic acid, given by stomach tube, according to 
Cori, into normal and thyroxinized young rats, was contrasted 
with control experiments in which saline was given to similar 
animals. 3 hours after the feeding, each animal was anesthetized 
with sodium amytal, both gastrocnemii were quickly dissected 
out, the head cut off, the blood collected, the liver extirpated, and 
the whole alimentary tract removed. The following determina- 
tions were made: blood sugar, blood lactic acid, muscle glycogen, 
muscle hexosephosphate, liver glycogen, lactic acid of the alli- 
mentary tract, and urinary lactic acid. 

The same amount of lactic acid was absorbed by both groups of 
animals. There was much less glycogen deposition, resulting from 
lactic acid absorption, in the livers of the thyroxinized than in the 
normal animals. Two lines of evidence indicate that this low 
liver glycogen was caused by a decreased rate of glyconeogenesis 
rather than by an increased rate of glycolysis; namely, (1) the 
relatively high blood lactic acid in the thyroxinized group fed 
lactic acid as compared with the normal and (2) the equality of the 
increment in blood sugar in both groups. The same proportion 
(78 per cent) of the absorbed lactic acid was accounted -for in 
both groups. 

These data suggest that in experimental hyperthyroidism 
glyconeogenesis from lactic acid by the liver is impaired. 
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QUANTITATIVE STUDIES ON 8 OXIDATION 


By JOSEPH S. BUTTS 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


In previous attempts to determine whether 8 oxidation of the 
fatty acids to the acetone bodies involves a quantitative change, 
the phenyl derivatives have been fed and a study of the amount of 
phenaceturic or of hippuric acid which was excreted has been 
made. In the present experiments the extent of the acetone body 
excretion following the administration of the sodium salts of 
various fatty acids to fasting rats has been compared with that 
obtained after feeding similar doses of sodium acetoacetate. 
Solutions of the salts were fed by stomach tube in doses which 
should give rise to 1.5 mg. of diacetic acid (calculated as acetone) 
if the change to diacetic acid were a quantitative one. The 
acetone body excretion after butyric, caproic, and caprylic acids 
averaged approximately the same as after sodium acetoacetate in 
male and female rats for a period of 5 days and a similar partition 
of the acetone bodies was observed. 1-8-Hydroxybutyriec acid 
was much more completely burned and the diacetic acid fraction 
was proportionally less than with the other acids. This agrees 
with Dakin’s idea’ that 8-hydroxybutyric acid is not a direct 
intermediate product. The administration of valeric acid was 
followed by a small acetone body elimination. However, there is 
the possibility that this acid was partly excreted unchanged, since 
the acid itself gave approximately the same precipitation with the 
Van Slyke reagent. The sodium salts of heptylic and lauric acids 
were found to be toxic. 


THE DISTRIBUTION OF VITAMIN A IN THE TISSUES OF THE RAT 
AND OF THE GUINEA PIG 


By 8. W. CLAUSEN anp A. B. McCOORD 


(From the Department of Pediatrics, The University of Rochester School of 
Medicine and Dentistry, Rochester, New York) 


While the question whether vitamin A is the antiinfective vita- 
min is still an unsolved problem, it is of importance to know the 


’ Dakin, H. D., J. Biol. Chem., 8, 97 (1910). 
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distribution of this substance in animal tissues. The antimony 
trichloride reaction of Price and Carr modified by S. W. Clausen 
is the method of analysis used in this investigation. In collabora- 
tion with Dr. E. Luce Clausen, we have shown that when a 
massive dose of haliver oil is given to the rat and the organs 
examined 24 hours later, 71 per cent of the vitamin A administered 
is recovered in the liver, and the concentration of this compound is 
greatly increased in the adrenals and lungs. 

However, when a similar experiment is conducted with the 
guinea pig, only 6 per cent of the vitamin A given can be extracted 
from the liver and none from the adrenals. The amount of this 
vitamin present in the former organ is proportional to the quantity 
fed within the range of doses tested. In contrast to the rat, the . 
ability of the guinea pig to synthesize vitamin A from ingested 
carotene seems doubtful. When 1 mg. of carotene in the form 
of caritol is fed daily for 2 weeks to this animal, no increase in the 
vitamin A content of the liver or adrenals takes place. Further- 
more, no change in the amount of carotinoid pigments in these 
organs occurs. 


THE NATURE OF THE UTERUS-CONTRACTING SUBSTANCE IN 
HUMAN SEMINAL FLUID 


By JESSIE R. COCKRILL, EDGAR G. MILLER, Jr., anp 
RAPHAEL KURZROK 


(From the Departments of Biological Chemistry and Obstetrics and 
Gynecology, College of Physicians and Surgeons, Columbia 
University, and Sloane Hospital, New York) 


It was reported by Kurzrok and Lieb*® that human semen 
affected human uterine muscle; whether the effect was contraction 
er relaxation seemed to depend on differences in the seminal 
samples or the uteri or in both. The effect is demonstrable both 
in vitro and in vivo. The clinical data on the cases studied showed 
the probability of a relation of this phenomenon to certain aspects 
of the problem of sterility. 

In our experiments we have used strips of human uterine muscle 
obtained at operations in Sloane Hospital, and semen samples 
from patients in the Vanderbilt Clinic and from private patients. 


* Kurzrok, R., and Lieb, C. C., Proc. Soc. Exp. Biol. and Med., 28, 
268 (1930-31). 
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We have endeavored to identify the contracting substance in 
the seminal fluid. It is dialyzable through collodion, cellophane, 
or parchment; it is soluble in water or alcohol; it is inactivated 
by boiling the solution or by treatment for 10 to 30 minutes with 
alkali (pH about 9.5); its water solution slowly loses potency. 
Physostigmine enhances the contracting effect; atropine abolishes 
it. When the activity has been destroyed by hydrolysis (boiling 
or alkali) subsequent acetylation restores it. Esterase from pig 
liver destroys the activity. All of the experimental effects of the 
material can be duplicated with acetyl choline. Further work is 
being done on the esterases of the uterine muscle and on the 
chemical isolation of the seminal material. The nature of the 
relaxation phenomenon is still under investigation. 


NORMAL IODINE BALANCE 


By VERSA V. COLE ann GEORGE M. CURTIS 
(From the Department of Medical and Surgical Research, The Ohio State 
University, Columbus) 

Two normal subjects were studied. Each was maintained on a 
monotonous diet containing from 56 to 156 micrograms of iodine 
daily. The balance was determined during 15 day periods. About 
one-half of the iodine intake could be accounted for in the urine 
and feces. 


CHANGES IN HEXOSEMONOPHOSPHATE IN FROG MUSCLE 


By GERTY T. CORI ann CARL F. CORI 
(From the Department of Pharmacology, Washington University School of 
Medicine, St. Louis) 

An increase in hexosemonophosphate was produced by tetaniza- 
tion of the hind legs of intact frogs. During 30 minutes of 
recovery, with the circulation intact, the hexosemonophosphate 
content diminished on an average 77 mg. per cent (in terms of 
hexose). When the muscles were removed from the body after 
stimulation and kept anaerobically, there was no change or a 
slight increase in 30 minutes, but in 2 hours the hexosemonophos- 
phate content diminished 78 mg. per cent. When frog muscles 
were kept anaerobically in Ringer’s solution containing epine- 


= 
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phrine there occurred a marked increase in hexosemonophosphate. 
Subsequent transfer of these muscles to Ringer’s solution without 
epinephrine caused the hexosemonophosphate to disappear more 
rapidly aerobically than anaerobically. Anaerobic disappearance 
was accompanied by the appearance of an equivalent amount of 
lactic acid. 

Previously tetanized frog muscle was allowed to recover for 5 
hours in an atmosphere of O, at 15°; the average decrease in lactic 
acid and hexosemonophosphate was 102 and 72 mg. per cent 
respectively, while the gain in glycogen was 98 mg. per cent, 
leaving 76 mg. per cent of carbohydrate for combustion. The 
resting O. consumption corresponded to an oxidation of 33 mg. per 
cent of carbohydrate, hence the oxidative quotient was 174/43 = 
4.0. Muscles kept at 20° showed a resynthesis of glycogen, but 
not at 25°. Inanaerobic muscle, hexosemonophosphate is changed 
to lactic acid; in aerobic muscle, it disappears more rapidly and 
seems to have the same fate as lactic acid; 7.e., it is partly oxidized 
and partly reconverted to glycogen. 


STUDIES ON THE REQUIREMENTS OF CALCIUM AND 
PHOSPHORUS FOR GESTATION AND LACTATION 


By WARREN M. COX, Jr., anv MIRIAM IMBODEN 


(From the Research Laboratory, Mead Johnson and Company, 
Evansville, Indiana) 


The authors have observed the behavior of 145 female rats 
receiving a synthetic diet containing various amounts of calcium 
and phosphorus. Save for the absence of vitamin D, the diet 
contained all known essential components. Five levels of calcium 
were combined with five of phosphorus to give twenty-five experi- 
mental diets. Six litters were raised in rapid succession; the 
females were remated immediately at the end of 21 days of 
lactation. 

The behavior of each group of mothers has been evaluated on a 
percentage basis, by comparison with a group of mothers receiving 
stock diet. The average weight of the young at 21 days, the 
change in weight of the mother during the cycle, and the ash 
content of the young have been used to evaluate the performance. 
With increasing Ca:P ratios, the ratios of from 1:1 to 1.5:1 give 
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maximum performance. Increase in calcium level, above the 
minimum used, shows depressed performance, irrespective of ratio. 
Conversely, with low calcium levels good performance is com- 
patible with unfavorable ratios. 

The ability of the nursing mother to change unfavorable dietary 
ratios to more favorable is indicated by blood and ash analyses of 
young raised by such mothers. A curve showing the relationship 
between total body ash and rickets (as measured by bone ash) has 
been obtained. 


PROTEINS OF YEAST (SACCHAROMYCES CEREVISIZ) 


By FRANK A. CSONKA 
(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 

Experiments were carried out on the time effect of ether contact 
with the yeast cell as a factor on the subsequent extraction of 
yeast nitrogen. In general, longer contact between ether and the 
yeast cell increases the nitrogenous extractives in solvents used. 
This statement is true for both bakers’ and brewers’ yeasts. Dis- 
tribution of nitrogen in the protein preparations from bakers’ 
and brewers’ yeasts as determined by the Van Slyke method was 
carried out. When yeast press-cake is hydrolyzed by acid, cystine 
is destroyed. By extracting the ether-treated yeast with solvents, 
the extract may be used for cystine determination. It was found 
that brewers’ yeast contains 0.297 per cent cystine, calculated on 
moisture-free yeast. 


THE RELATION OF THE ANTERIOR PITUITARY GLAND TO 
KETONURIA 


By HARRY J. DEUEL, Jr. 
(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 

The injection of a neutralized alkaline extract of fresh beef 
anterior lobe was followed by an extensive ketonuria in fasting 
rats to which sodium chloride solution was administered and by a 
large increase in the existing level of ketonuria in rats to which 
sodium acetoacetate was being fed. The extent of the response 
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was similar on male and female rats as well as on castrated animals. 
The ingestion of glucose solution counteracted the ketonuria 
produced by the daily injections of the ketogenic hormone. 
The active ketogenic principle was destroyed by heat, pre- 
cipitated by alcohol, and was inactive when administered orally. 
Phyon was found to provoke a severe ketonuria when injected into 
normal fasting rats, while antuitrin S gave negative results. In 
order to determine whether the ketosis is brought about by a direct 
stimulation of fat metabolism or by a primary effect on the carbo- 
hydrate stores, the effect of the injection of the ketogenic hor- 
mone on the glycogen and fat levels of the livers of non-fasted rats 
was determined. The most marked alteration was a considerable 
drop in liver glycogen, while the liver fat was not increased. This 
would seem to indicate that the hormone may not properly be 
called a “fat metabolism hormone’” but that the ketosis may occur 
by a primary involvement of the carbohydrate metabolism. 
Studies of its effect on blood fat are in progress. 


EFFECTS OF ADRENALIN IN EXERCISE 


By D. B. DILL anv H. T. EDWARDS 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


Fortnightly studies have been made on a fasting athlete during 
a 28 mile walk on a treadmill set at a grade of 7.3 per cent. In six 
experiments a uniform routine has been observed—a preliminary 
rest period of 1.5 hours; four work periods of 2 hours with inter- 
vening rest periods of 1 hour, 1 hour, and 11 hours respectively; 
and, finally, a rest period of 1 hour. Observations are made fre- 
quently on oxygen consumption, carbon dioxide output, and blood 
sugar, and occasionally on blood lactate. 

Experiments 1 to 3 serve as controls. In these the proportion 
of energy derived from carbohydrate is 40 to 50 per cent in the 
first work period, dropping to 10 per cent or less in the last work 
period. The total energy production ranged from 5138 to 5172 
calories; of this from 4004 to 4027 calories were produced during 
work. The weights of carbohydrate used were 290, 276, and 247 
gm. in Experiments 1 to 3 respectively. 


7 Anselmino, K. J., and Hoffmann, F., Klin. Woch., 10, 2380 (1931). 
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In Experiments 4 and 5 an injection of 1 ce. of 1:1000 adrenalin 
was made early in some of the work periods. Experiment 6 was 
similar, except that 0.5 cc. quantities were injected. Blood lactate 
and blood sugar curves after adrenalin were similar to those found 
by Cori in rest. There is a consistent increase in r.Q., continuing 
even after lactate is maximal. Thus the carbohydrate utilization 
exceeded the average in the three control experiments by 42 per 
cent in Experiment 4 with three injections; by 31 per cent in 
Experiment 5 with two injections; and by 12 per cent in Experiment 
6 with three injections each of 0.5 cc. There is no more than a 
slight calorigenic effect, under the conditions of our experiments, 
implying little effect of adrenalin on efficiency. 


A METHOD FOR THE ESTIMATION OF THE OXYGEN CONTENT OF 
ONE CUBIC MILLIMETER OF BLOOD 


By JOHN 8. DONAL, Jr. 


(From the Laboratory of Pharmacology and the Johnson Foundation for 
Medical Physics, University of Pennsylvania, Philadelphia) 

It was observed by the author in 1930 that the introduction of 
small amounts of a gas mixture containing oxygen into an evacu- 
ated space surrounding a heated tungsten filament results in the 
formation of positive ions at the filament surface. The ions so 
formed may be collected at a negatively charged electrode and the 
resulting current may be amplified and measured by means of a 
sensitive galvanometer. The galvanometer deflections have been 
found to be directly proportional to the amount of oxygen intro- 
duced into the filament chamber and independent, over a wide 
range, of the partial pressures of nitrogen and carbon dioxide in 
the gas mixture. 

Samples of 1 c.mm. of blood sealed in capillary glass tubes were 
extracted by breaking the tube ina high vacuum. The dried gases 
were then introduced into the filament chamber and the resulting 
galvanometer deflection compared with the deflection yielded by 
a sample of room air introduced in the same manner. The results 
of a series of such determinations were compared with the results 
of estimations made on large portions of the same samples of blood 
by the method of Van Slyke and Neill. After correction for a sys- 
tematic error of 0.23 volume per cent, the average difference be- 
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tween the results of 88 consecutive estimations and the values 
given by the Van Slyke method was 0.53 volume per cent and the 
maximum difference encountered was 1.8 volumes per cent. 


INSULIN HYPERGLYCEMIA AS A MEASURE OF THE SENSITIVITY 
OF THE INDIVIDUAL TO INSULIN 


By LOUIS B. DOTTI 
(From the Department of Physiology, College of Physicians and Surgeons, 
Columbia University, New York) 

The hyperglycemia which sometimes follows insulin injection is 
usually interpreted as due to some impurity of the insulin prepara- 
tion. The following observations are offered as evidence that this 
is not necessarily the explanation, but rather, that the presence 
and extent of an initial rise are a measure of the sensitivity of the 
individual to insulin. 

Lilly’s insulin, No. F3-881110-V1 was used throughout. The 
initial blood sugar was taken, 2 units of insulin per kilo of body 
weight were injected subcutaneously, and blood samples were 
taken at 5 minute intervals during 30 minutes and at 45 and 60 
minutes. According to their reaction, the rabbits were divided 
into groups as follows: Group A (31 observations), no convulsions 
within 6 hours; Group B (16 observations), convulsions within 
175 to 360 minutes; Group C (38 observations), convulsions within 
95 to 174 minutes; Group D (24 observations), convulsions within 
94 minutes after injection. 

The maximum increase and the time after injection were as fol- 
lows: Group A, 15 per cent in 10 minutes; Group B, 5 per cent in 
5 minutes; Group C, 1 per cent in 5 minutes; Group D, no initial 
increase but a 5 per cent drop in 5 minutes. The times at which 
the falling curve crossed the initial level were at 14, 11, and 7 
minutes, respectively. 

In a small series of animals, 6 units of insulin produced a sett 
glycemia greater in percentage change and in duration than in the 
corresponding groups receiving 2 units. 
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A SPECTROPHOTOMETRIC STUDY OF METHEMOGLOBIN 


By DAVID L. DRABKIN anno J. HAROLD AUSTIN 


(From the Department of Physiological Chemistry and the John Herr Musser 
Department of Research Medicine, School of Medicine, University of 
Pennsylvania, Philadelphia) 


A solution of methemoglobin was buffered to various pH values 
from 5.9 to 11.1 and the proportion of acid and alkaline methemo- 
globin determined spectrophotometrically. The results from pH 
5.9 to 9.4 coincided with the theoretical values for the equation 


pH = pK’ + log ({MHb] alkaline/[MHb] acid) 


The pK’ varied with ionic strength from 8.21 at u = 0.023 to 8.05 
at w = 0.154. The pK’ at u = 0.075 was 8.12 + 0.004, based on 
fifteen different ratios of the two pigments. The change of 
methemoglobin to hematin began above pH 9.4. 

In buffered oxyhemoglobin solutions the pH markedly influ- 
enced both the rate and extent of oxidation by various oxidants 
or, in very dilute solutions, by exposure to air. Within 20 minutes, 
with a molar ratio of oxyhemoglobin to ferricyanide of 1:1, the 
conversion to methemoglobin was 99.3 per cent at pH 5.9, but only 
60 per cent at pH. 9.2. In 20 hours at pH 9.2 an equilibrium value 
of 85 per cent was reached. 

In the reaction between hemoglobin and nitrite or quinone there 
was evidence that interfering factors, influenced by pH, retarded 
the reaction when small amounts of these oxidants were used. 
With sufficient excess of these oxidants, however, rapid formation 
of methemoglobin was obtained. Besides methemoglobin a small 
amount of nitric oxide hemoglobin was produced by the action of 
nitrite. 

THE VAPOR PRESSURE-TEMPERATURE REACTIONS OF THE 

ETHYL ESTERS OF THE AMINO ACIDS 


By MAX 8. DUNN, B. W. SMART, C. E. REDEMANN, anv 
NATHANIEL L. SMITH 


(From the Chemical Laboratory, University of California at Los Angeles, 
Los Angeles) 


Relatively few vapor pressure-temperature data have been re- 
ported previously for the ethyl esters of the amino acids and these 
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values are not entirely dependable because of limitations in the 
precision of the methods hitherto employed. It is of considerable 
interest to have reliable vapor pressure-temperature values for 
these esters because of their relation to the classical method for the 
separation of amino acids in protein hydrolysates. 

In the present work, an apparatus has been devised for the 
maintenance of any desired constant pressure in a distillation sys- 
tem and for the accurate determination of the vapor pressure and 
the temperature at the boiling point of the liquid. The dependa- 
bility of the technique, used in these investigations for the measure- 
ment of vapor pressure, has been established from data obtained 
with mercury, diethyl malonate, n-butyl benzoate, and p-nitro- 
benzene. 

Vapor pressure-temperature determinations have been made for 
the ethyl esters of glycine, dl-alanine, dl-valine, and dl-norleucine 
at pressures from 0.5 to 760 mm., and for d-glutamic acid and dl- 
a-pyrrolidonecarboxylic acid at pressures below their decomposi- 
tion points. These experimental data have been utilized (1) in 
establishing the limiting possibilities of the method used for the 
fractional distillation of amino acid esters and (2) in showing the 
relation between the properties of the vaporized esters and those 
of perfect gases. 


THE POLARITY OF CERTAIN BETAINES 


By JOHN T. EDSALL anp JEFFRIES WYMAN, Jr. 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston, and the Department of Zoology, Harvard University, Cambridge) 


Evidence from several sources (dielectric constants, dissociation 
constants) suggests that aliphatic amino acids, even 6 and « acids, 
exist in solution as more or less rigidly extended, rod-shaped 
molecules. This conclusion appears to demand further study, 
since bending might be expected because of electrostatic forces 
between the charged amino and carboxyl groups. The benz- 
betaines were chosen for study because the charged groups are 
directly attached to the more rigid benzene ring, instead of to the 
flexible aliphatic chain. Calculations of distance based on x-ray 
data indicate that m-benzbetaine should be intermediate between 
B- and y-aliphatie amino acids in dielectric behavior, and p-benz- 
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betaine between vy and 6 acids, if these are assumed to be rigid 
structures. Observed values of dielectric constant increment 
per mole of solute per liter are: m-benzbetaine 42.4, p-benzbe- 
taine 63.6, a-amino acids 22 to 27, B- 32 to 36, y- 51 to 55, 6- 63. 
(o-Benzbetaine is now being studied.) These values agree well 
with the hypothesis that the chains of aliphatic amino acids are 
extended in solution. 

Betaine and pyridine betaine gave dielectric increments of 18.2 
and 18.5 respectively—slightly lower than a-amino acids. 

Apparent molal volumes of betaines indicate values of electro- 
striction smaller by 5 to 7 ec. per mole than those characteristic 
of amino acids (13.4 to 20 ec.), presumably because of the greater 
bulk of the groups surrounding the charged nitrogen atom in the 
betaines, and consequent blocking of approach of solvent molecules. 


THE RELATION OF COPPER TO TISSUE RESPIRATION 


By C. A. ELVEHJEM, EUGENE COHEN, anp F. J. STARE 


(From the Department of Agricultural Chemistry, University of 
Wisconsin, Madison) 

The present study is a continuation of the work on the action of 
copper in the animal body and deals with the changes in the 
oxidative mechanisms in the tissues of rats during the development 
and treatment of anemia. Slightly reduced rates of oxygen con- 
sumption, as measured in glucose-phosphate buffers with Barcroft 
differential respirometers, in tissues from severely anemic animals 
as compared with similar tissues from rats treated with iron and 
copper, have been observed. Since the total oxygen uptake is the 
result of the combined effect of the different enzyme systems, 
special attention was given to the changes in cytochrome, dehy- 
drogenases, and oxidase. Cytochrome was studied by means of a 
microspectroscope, dehydrogenases were measured by the methyl- 
ene blue technique with the proper substrates, and the oxidase 
activity was estimated by the use of the Nadi reagent. 

The (a) component of cytochrome was found to be greatly 
reduced or absent in tissues from anemic rats. The activity of 
certain dehydrogenases was also reduced in anemic rats. The 
addition of copper alone to the diet of the anemic animals restored 
the (a) component of cytochrome and increased the activity of the 
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dehydrogenases. The feeding of iron alone had no effect on these 
systems. 

The determination of the oxidase activity in the livers of anemic 
and non-anemic rats was found to be influenced by the activity 
of the dehydrogenase systems. Methods of overcoming this 
difficulty are being studied. 


THE EFFECT OF LOW OXYGEN PRESSURES UPON THE LIVER AND 
MUSCLE GLYCOGEN OF THE WHITE RAT 


‘By G. T. EVANS 


(From the George S. Cox Medical Research Institute, University of 
Pennsylvania, Philadelphia, and the Loomis Laboratory, 
Tuxedo Park, New York) 


White rats fasted 24 hours were kept for a further 24 hours of 
fasting in a chamber in which the pressure was maintained at 0.5 
atmosphere. The following effects were noticed. (1) There 
was a marked increase in liver glycogen from 0.2 to 1.4 gm. per 
cent, while the glycogen content of the gastrocnemius muscle 
showed a slight increase (from 0.52 to 0.64 gm. per cent). The 
blood sugar was moderately increased, and the blood lactic acid 


remained within normal limits. (2) Adrenalectomized rats, 
although in good condition when placed in the chamber, showed 
no increase in liver or muscle glycogen. 

Well fed rats (liver glycogen 2.1 per cent) placed in the chamber 
for 24 hours without food maintain this high level of liver glycogen 
in marked contrast to similar rats kept under normal pressure in 
which the characteristic low value for rats fasted 24 hours was 
observed. Well fed adrenalectomized rats (liver glycogen 2.2 
gm. per cent) do not maintain their liver glycogen under these 
conditions. 

Analyses have been made for glycogen in the whole liver and the 
body of rats (a) fasted for 48 hours, (b) fasted 24 hours under 
normal pressure and then 24 hours at 0.5 atmosphere. The 
results show that the increase in liver glycogen under reduced 
pressures does not occur at the expense of the body glycogen. The 
source of this new formation of glycogen is at present unknown. 
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THE SPARING ACTION OF FAT ON VITAMIN B 


By HERBERT M. EVANS ann SAMUEL LEPKOVSKY 


(From the Institute of Experimental Biology, University of California, 
Berkeley) 


When rats are fed vitamin B-free diets containing sucrose as the 
source of energy, they die in 4 to 6 weeks, and make little or no 
growth. Isocaloric substitution of the sucrose by fat enables 
them to make considerable growth and to survive for a long time. 
The protective action of fat could be due to (1) the conservation 
of vitamin B in the rat’s body, (2) the intervention of fat in the 
rat's metabolism, delaying the development of the avitaminosis, 
or (3) the combination of both. 

The first possibility was examined by assaying the livers, 
muscles, and brains of the rats on the high and low fat diets 
deprived of vitamin B. The data show that the vitamin B per 
unit weight of tissues is the same regardless of diet except for actu- 
ally higher values of the livers from rats on high fat diets. The 
total weight of the tissues, and consequently the total vitamin B, 
on the high fat diet is much greater than on the low fat diet. The 
logical interpretation is that fat actually helps in the conservation 
of the rat’s store of vitamin B. The brains of the rats on the high 
fat diet contain the same amount of vitamin B per unit weight, 
and also weigh the same, even though the body weights are almost 
twice as great. 

To obtain this sparing or conserving action of the fat on vitamin 
B, both the protein and vitamin G must be high. 
Various fats vary in their ability to spare vitamin B. 


THE ANTIGENIC BEHAVIOR OF THE CARBOHYDRATE PRESENT 
IN EGG ALBUMIN 


By RONALD M. FERRY anp ALBERT H. LEVY 
(From the Laboratories of Bacteriology and Physical Chemistry, Harvard 
Medical School, Boston) 


The relation of non-protein groups to specific behavior has been 
studied by Zinsser, Landsteiner, Avery, Goebel, Enders, and 
others. In particular, it has been shown that carbohydrates act as 
partial antigens in the case of bacteria. It has long been thought 
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that egg albumin contained a carbohydrate group, and recently 
Margrethe Sgrensen has shown that carbohydrate is a constituent 
of even very pure egg albumin. ‘The activity of this group as a 
partial antigen has therefore been investigated. 

gg albumin was digested both by barium hydroxide and tryp- 
sin. The carbohydrate fraction was purified by a slight modifica- 
tion of the methods of Rimington and of Levene and Mori. It 
was then tested against highly potent antiegg albumin serum 
both in vitro and in vivo. 

Although the antisera gave definite precipitation in vitro in 
controls with egg albumin alone, up to dilutions exceeding 2.3 
X 10-8 moles per liter, no precipitation occurred when the anti- 
serum was incubated with carbohydrate in widely varying con- 
centration. Nor did the carbohydrate apparently inhibit the 
precipitation of egg albumin by antiserum. 

Guinea pigs were passively sensitized by the injection of highly 
potent immune serum in vive. Carbohydrate corresponding to a 
quantity of egg albumin greater than that necessary to produce 
anaphylactic death caused no reaction, nor did it desensitize the 
animal to a subsequent lethal dose of egg albumin. 

These experiments strongly suggest that the carbohydrate 


portion of egg albumin prepared by the methods employed plays 
at most an unimportant réle in its immunological behavior. 


THE EXCRETION OF ETHYL ALCOHOL IN SALIVA AND A RAPID 
METHOD FOR ITS DETERMINATION 


By THEODORE E. FRIEDEMANN 
(From the Department of Medicine, University of Chicago, Chicago) 


The concentration of alcohol in normal saliva is approximately 
equal to that in blood. Following the ingestion of alcohol, the 
aleohol content of saliva rapidly increases at a rate equaling (in 
some instances exceeding) the rate of increase in blood. 

Alcohol may be determined either by distillation of 1 ce. of the 
saliva and oxidation of an aliquot of the distillate by alkaline 
KMnO or by the following simple procedure. About 80 cc. of 
water, 5 ec. of CuSO,-HgCl, reagent (5 per cent CuSO,-5H,0, 6.5 


8 Friedemann, T. E., and Ritchie, E. B., Proc. Soc. Exp. Biol. and Med.. 
30, 451 (1932-33). 
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per cent HgCl:), and 5 ce. of a 20 per cent Ca(OH), suspension 
are added to 1.0 ce. of saliva. The contents are mixed and the 
volume is brought to 100 ce. They are again mixed and allowed to 
stand about 10 minutes. They are then filtered through a 12.5 cm. 
filter paper, the first 15 to 25 cc. portion of filtrate being discarded. 
An aliquot of the filtrate is oxidized by alkaline KMnQ,. Filtrates 
from normal saliva contain oxidizable material equivalent to about 
12 mg. per cent of alcohol. 

Details of the procedure will be published soon. 


THE ACIDOSIS-PRODUCING HORMONE OF NORMAL URINE 


By CASIMIR FUNK 
(From the Casa Biochemica, Rueil-Malmaison, France) 


In previous communications we have reported the isolation of 
an acidosis-producing hormone from normal urine by means of 
benzoic acid adsorption. This hormone is definitely not identical 
with the fat metabolism hormone, as it does not influence - 
hydroxybutyric acid formation. Further, it is not identical with 
the thyreotropic hormone, nor is it antagonistic to insulin. It 
possesses great similarity, regarding the inactivating action of 
alcohol, acetone, and acids, in its solubility and behavior towards 
adsorption, to some hormones isolated from anterior pituitary. 

The hormone produces acidosis on a high fat, as well as on a 
high carbohydrate diet—little more on the latter. Repeatedly 
evidence was obtained of a formation of an aldehyde, with trans- 
formation into an acid. However, the actual identification of the 
intermediate products formed in the blood of rats, by means of 
2,4-dinitrophenylhydrazine, was difficult. Injection of a less 
purified extract produced acetone, while the injection of the puri- 
fied hormone resulted in a mixture of hydrazones, extremely 
difficult to identify. The mixture was fractionated into a sub- 
stance, soluble only in nitrobenzene, giving with alcoholic potas- 
sium hydroxide a purple-blue color (methylglyoxal ?), an ether- 
soluble fraction which gave a brick-red color, and a benzene-soluble 
fraction which gave a red-purple color. The small acid fraction 
gave a red color (pyruvic acid ?). The plurality of intermediates 
formed can be explained by the substance still being a mixture 
of hormones, or by a complication arising from the composition 
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of the diet and the metabolic stage of the animals at time of 
bleeding. 


PURIFICATION OF BULL TESTIS EXTRACTS* 


By T. F. GALLAGHER anp F. C. KOCH 


(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicage) 

The authors have reported’ a method for the purification of bull 
testis extracts whereby a product having a potency of 0.1 mg. per 
unit is obtained in about 80 per cent yield. From this material by 
successive treatments with immiscible solvents we have obtained 
products ranging from 0.005 to 0.008 mg. per unit, with a yield 
approximately 60 per cent of the starting material. The procedure 
involves partitions between anhydrous ethylene glycol and ethyl 
ether, dilute ethylene glycol and ethyl] ether, dilute methanol and 
carbon tetrachloride, dilute ethylene glycol and carbon tetra- 
chloride, and again dilute ethylene glycol and ether. Distillation 
of the final product has not proved fruitful in our experience. 


THE INFLUENCE OF THE ACETYL GROUP IN ORIENTING THE 
IMMUNOLOGICAL SPECIFICITY OF CARBOHYDRATES 


By WALTHER F. GOEBEL anp FRANK H. BABERS 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


It has recently been shown in this laboratory that the specific cap- 
sular polysaccharide of pneumococcus Type I occurs in the intact 
cell as an acetyl derivative of a complex nitrogenous carbohydrate. 
The union between the acetyl groups and the polysaccharide 
molecule is of a highly labile nature, and when the acetyl groups 
are removed by mild alkaline hydrolysis, the resultant deacetylated 
polysaccharide is found to be devoid of certain important immu- 
nological properties originally possessed by the parent substance. 
Since the only demonstrable chemical change which occurs during 
hydrolysis is the loss of acetyl groups, the additional serological 

* This investigation was made possible in part through grants from 


the National Research Council and the Rockefeller Foundation. 
® Gallagher, T. F., and Koch, F. C., J. Biol. Chem., 84, 495 (1929). 
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characteristics exhibited by the fully acetylated carbohydrate 
appear to be attributable directly to the presence of the acetyl 
grouping. 

In order to comprehend more fully the réle which the acetyl 
group plays in orienting the immune response elicited in animals 
by a carbohydrate derivative of known constitution, two glyco- 
sides have been synthesized, p-aminophenol f-glycoside and 
p-aminophenol §-glycoside monoacetate. When combined with 
protein by means of the diazo reaction, the resultant carbohydrate- 
proteins stimulate in rabbits the formation of antibodies, the 
serological specificity of which-is determined by the carbohydrate 
radical in chemical combination with the protein. The specific 
immune reactions are in each instance different, as can be demon- 
strated by serological methods. Since the stereochemical rela- 
tionship of the two carbohydrate radicals is identical, the difference 
in immunological specificity can be attributed only to the acetyl 
group. The presence or absence of an acetyl group in a carbo- 
hydrate molecule suffices therefore to modify its specific immu- 


nological behavior. 


ON THE ABSORPTION AND UTILIZATION OF s-CAROTENE IN 
JAUNDICED AND IN CHOLEDOCHOCOLOSTOMIZED 
VITAMIN A-DEFICIENT RATS 


By JOSEPH D. GREAVES anp CARL L. A. SCHMIDT 
(From the Division of Biochemistry, University of California Medical 
School, Berkeley) 

In continuation of studies on the réle of the bile in the absorption 
and utilization of fat-soluble vitamins,” young rats, reared on a 
vitamin A-deficient diet until the vaginal smear contained only 
cornified cells for 10 consecutive days, were jaundiced by ligating 
and sectioning the common bile duct. 24 hours later 6-carotene 
or halibut liver oil was administered either orally, subcutaneously, 
or intraperitoneally, daily. In every case 8-carotene, however 
given, failed to change the vaginal smear picture. Under the 


1° Schmidt, W., and Schmidt, C. L. A., Univ. California Pub. Physiol., 
7, 211 (1930). Greaves, J. D., and Schmidt, C. L. A., J. Biol. Chem., 
102, 101 (1933); Proc. Soc. Exp. Biol. and Med., 29, 373 (1931-32); Univ. 


California Pub. Physiol., in press. 
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conditions of the experiments the liver was probably functionally 
damaged so that the transformation of 8-carotene was inhibited. 
After treatment with phosphorus or chloroform subcutaneously, 
vitamin A-deficient animals given f-carotene subcutaneously 
demonstrated a restored vaginal smear picture in spite of marked 
liver damage. 

In a series of vitamin A-deficient rats the bile duct was trans- 
planted to the descending colon. Fourteen out of twenty-six 
animals treated 24 hours later with §-carotene subcutaneously 
reacted positively after 1 to 5 days. The remainder died before 
the 5th day. Only one of thirty-five rats operated upon showed a 
positive response to 8-carotene given orally. Of seven animals 
given halibut liver oil orally, four reacted positively, while three 
failed to respond. 

A third series of nineteen rats with internal fistula was given 
6-carotene orally, together with sodium desoxycholate or sodium 
glycodesoxycholate. Eleven of the nineteen animals died before 
the 3rd day of treatment. The remaining eight animals showed 
positive responses, indicating that the added bile acid probably 
acted as a carrier of the §-carotene across the intestinal tract. 
Bile is seemingly essential for the absorption of 6-carotene from 
the rat intestine. 


THE FORMATION OF A COLLOIDAL FORM OF CALCIUM PHOS- 
PHATE IN THE BLOOD STREAM IN EXPERIMENTAL 
HYPERCALCEMIA 


By DAVID M. GREENBERG anv ELMA V. TUFTS 


(From the Division of Biochemistry, University of California Medical 
School, Berkeley) 


The serum calcium increase produced by the intravenous 
injection of small doses of calcium salts or subcutaneous injection 
of parathyroid extract is confined practically exclusively to the 
diffusible fraction. With larger doses of the same agents, the 
calcium increase is divided between both the diffusible and non- 
diffusible fractions. This difference, in the latter case, is brought 
about by the formation ofa colloidal material composed largely of 
calcium and phosphate, which apparently is formed when the 
product of the calcium and phosphate in the serum exceeds certain 
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heights. Commonly, the colloid has a calcium to phosphorus ratio 
of about the magnitude of that in tertiary calcium phosphate. 

Under the conditions in which a calcium increase is confined to 
the diffusible calcium, the inorganic serum phosphate remains 
completely diffusible. On the other hand, when there is produced 
any considerable increase in non-diffusible calcium, the phosphate 
also loses part of its diffusibility. 

No corresponding colloidal phosphate such as is formed by 
calcium is formed with magnesium, even though the magnesium 
content of the serum is increased as much as 10-fold. 


THE INFLUENCE OF PROTEIN METABOLISM ON THE SYNTHESIS 
OF GLYCINE 


By WENDELL H. GRIFFITH 


(From the Laboratory of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis) 


It is generally believed that glycine is not an essential amino 
acid, although little or nothing is known of its precursors in the 
animal body. Since previous experiments have indicated that the 
synthesis of glycine for the detoxication of benzoate is limited in 
extent in young growing rats, the effect of changes in the protein 
intake has been investigated. Survival, increase in weight, and 
excretion of hippuric acid have been determined in groups of rats 
fed adequate food mixtures containing toxic quantities of sodium 
benzoate. 

Diets with 3.0, 3.5, and 4.0 per cent of sodium benzoate and 20, 
35, and 50 per cent of casein, respectively, showed similar toxicity. 
The protective action of the casein was greatly increased by 
subjecting it to a preliminary enzymatic digestion. 

The addition of 5 per cent of various proteins to a toxie diet 
containing 3.5 per cent benzoate and 25 per cent casein demon- 
strated that casein, gelatin, and elastin were protective, whereas 
edestin, albumin, peptone, and the proteins of liver and of yeast 
were ineffective in supplying glycine or its precursors. 

These experiments supported the previous conclusion that 
precursors of glycine are not readily available in ordinary protein 
metabolism. The peculiar results with casein, a protein supposedly 
low in glycine, are being investigated. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 105, NO, 2 
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THE QUANTITATIVE DETERMINATION OF THE AMOUNT OF 
ESTROGENIC SUBSTANCES EXCRETED DAILY IN THE 
URINE OF THE NORMAL HUMAN FEMALE 


By REUBEN G. GUSTAVSON anv DAVID F. GREEN 


(From the Chemical Research Laboratories of the University of 
Denver, Denver) 

24 hour samples of urine were obtained daily from a single 
patient from April 17, 1933, to January 1, 1934. These samples 
were analyzed for their estrin content by extraction with chloro- 
form in a continuous extractor for 24 hours. The chloroform was 
evaporated to dryness and the residue transferred to a separatory 
funnel with 150 cc. of ether. The ether solution was shaken with 
350 cc. of 8.5 per cent sodium bicarbonate solution. The sodium 
bicarbonate solution was separated from the ether and extracted 
three times with 100 ce. portions of ether. The ether extracts 
were combined, evaporated, and the residue suspended in 30 cc. of 
olive oil. The olive oil solution was then injected subcutaneously 
into thirty spayed rats. Vaginal smears were taken at the end of 
39, 42, and 46 hours. Only those smears which were made up of 
squamous epithelial cells and showed complete absence of leuco- 
cytes were taken as positive. The per cent of the animals which 
showed a positive response was determined and the number of rat 
units (Coward and Burn) determined. The results showed a very 
marked rise in the estrin excretion in a single day which occurs 
between the 9th and 12th day following menstruation. This is 
followed by a period in which the percentage responding falls to 
zero and then a second rise occurs. This second rise occurs from 
the 14th to the 21st day after menstruation. 


STUDIES IN ACETYLATION 


II. THE EFFECT OF VARIOUS SUBSTANCES UPON THE FORMA- 
TION OF p-ACETYLAMINOBENZOIC ACID IN THE RABBIT 


By BENJAMIN HARROW, ABRAHAM MAZUR, ERNEST BOREK, 
anp CARL P. SHERWIN 


(From the Chemical Laboratory, the City College-College of the City of 
New York, New York) 


By a modified technique which has already been described," 
it has been shown that the conversion of p-aminobenzoic acid into 
1 Harrow, B., Mazur, A., and Sherwin, C. P., J. Biol. Chem., 102, 35 
(1933). 
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p-acetylaminobenzoic acid in the rabbit is increased by the injec- 
tion of insulin, but that no increase is obtained by the simultaneous 
injection of insulin and reduced glutathione, owing, doubtless, to 
the inactivating effect of the action of the latter upon the former. 
It seemed reasonable to suppose that not only could insulin 
accelerate the acetylation process, but that various substances 
which might act as precursors of acetyl groups in the body would 
have a somewhat similar effect. With this object in view, various 
compounds were injected subcutaneously and their effect upon the 
acetylation process was studied. Among the substances studied, 
sucrose caused the greatest increase in acetylation. There 
followed, in decreasing order, acetic acid, glutamic acid, oleic acid, 
fructose, pyruvic acid, glucose, lactic acid, and glycerol. Sodium 
chloride and reduced glutathione do not affect the acetylation 
process. Quantitative studies of reducing substances in the urine 
(glucuronates ?) gave widely fluctuating figures. The total 
nitrogen in the urine remained fairly constant throughout. 


THE MALE HORMONE. THE EFFECT OF THE MALE HORMONE, 
THE ANTERIOR PITUITARY-LIKE HORMONE, AND THE FAT 
METABOLISM HORMONE UPON THE GENITAL TRACTS 
OF IMMATURE MALE AND FEMALE RATS 


By BENJAMIN HARROW anp BARNET NAIMAN 


(From the Chemical Laboratory, the City College-College of the City of 
New York, New York) 


We were primarily interested in comparing the effect of follutein 
(the anterior pituitary-like hormone) with that of the urine of 
pregnancy direct, having in mind that several substances (hor- 
mones ?) may be present in the latter, among them Funk’s “fat 
metabolism hormone.’’ Only definitely positive results are 
included here. The changes produced by repeated injections of 
the male hormone in 25 gm. immature male rats are limited to the 
prostate and seminal vesicles. No effect on the testis was noted. 
The effect of the male hormone on the genital tract of the imma- 
ture 25 gm. female rat is limited to moderate distention of the 
uterine canal and the oviduct portion of the horns, without any 
effect on the ovaries. The action of follutein alone is about the 
same as that of the male hormone. The administration of both 
the male hormone and follutein produce a striking increase in the 
size of the seminal vesicles and prostate, greater in amount than 
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either hormone. The urine of pregnancy has about the same 
effect as follutein. By far the most marked effect is obtained by 
the combined action of the urine of pregnancy and the male 
hormone. The fat metabolism hormone alone also stimulates 
the growth of the seminal vesicles; in the female, it causes dis- 
tention of the uterine canal. This hormone together with the 
male hormone produces marked hyperplasia of the seminal vesicles. 

Our thanks are due to Dr. D. Perla for the histological examina- 
tions and to Dr. J. A. Morrell for a generous supply of follutein. 


DOES THE CAROTENE IN ALFALFA HAY ACCOUNT COMPLETELY 
FOR ITS VITAMIN A ACTIVITY? 


By ARTHUR M. HARTMAN, EDWARD A. KANE, anp LEO A. SHINN 


(From the Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture, Beltsville, Maryland) 


Rats were depleted of vitamin A on a diet including skim milk 
and a vitamin A-free preparation of Lilly’s anemia liver extract, 
and then divided into four comparable groups. Group 1 received 
a daily supplement of 30 mg. of finely ground alfalfa hay; Group 2 
received 30 mg. of the same hay, extracted to remove the carotene, 
plus the material extracted; Group 3 received 30 mg. of the same 
extracted hay plus a quantity of international standard carotene 
equivalent to that in the extract. The hay and standard carotene 
were both practically 8-carotene; Group 4 received 10 times as 
much extracted hay. Supplements were prepared weekly, added 
to the feed, and the mixtures analyzed. During an 8 week 
recovery period, the males (nine per group) in Groups 1 to 3 made 
an average gain of 65.4, 57.1, and 74.6 gm., respectively, and the 
females (seven per group) 46.1, 48.5, and 55.4 gm., on an average 
total carotene intake of 34.0 to 35.6y per rat. These gains were 
not maximum. In Group 4, nine of the ten males survived 8 weeks 
(gain 4.1 gm.); three of the six females survived 8 weeks (gain 
7.5 gm.). This survival exceeded that of negative controls 
(eight). Therefore, not all of the vitamin A activity was removed 
from the hay, but that removed was much more than 90 per cent 
and was completely accounted for by the activity of the extract. 

The carotene, equivalent to that in this extract, fully aecounted 
for its vitamin A activity. 
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THE ROLE OF MULTIPLE REACTIVE GROUPS IN ANTIGEN- 
ANTIBODY UNION AS ILLUSTRATED BY AN INSTANCE 
OF CROSS PRECIPITATION* 


By MICHAEL HEIDELBERGER anp FORREST E. KENDALL 


(From the Department of Medicine, College of Physicians and Surgeons, 
Columbia University, and the Presbyterian Hospital, New York) 


Antisera to the protein dye, R-salt-azo-benzidine-azo-crystal- 
line egg albumin, have been found to give precipitates with 
crystalline egg albumin by virtue of their antidye content. The 
quantitative course of the reactions with increasing amounts of 
antigen is very similar for the dye-antidye and egg albumin-antiegg 
albumin systems, but differs markedly for the cross reaction 
between egg albumin and antidye. A possible explanation for 
the occurrence of this cross reaction is given in terms of reactive 
groupings on the antigen and antibody. A qualitative expression 
of the course of the cross reaction is given in terms of the laws of 
classical chemistry. 


THE RELATION OF THE SECRETION OF MUCUS TO THE ACIDITY 
OF THE GASTRIC JUICE 


By O. M. HELMER, PAUL J. FOUTS, anv L. G. ZERFAS 
(From the Indianapolis City Hospital, Indianapolis) 


The changes in volume, pH, free acid, total chlorides, total 
base, total phosphorus, nitrogen, pepsin, rennin, and mucus were 
determined in gastric juice obtained from human subjects after 
histamine stimulation. The mucus was estimated by means of 
determining the reducing power as glucose after hydrolysis of the 
gastric juice with acid. The difference between the total chlorides 
and the total base was equivalent to the free acid, as determined 
by titration. The curves of the reducing substances as glucose, 
nitrogen, and phosphorus paralleled that of the total base, decreas- 
ing with the increase in acidity. The enzyme secretion did not 
parallel the secretion of nitrogen and mucus or acid. Examination 
of the data showed three distinct curves of secretion, suggesting 
three different secretory mechanisms: the first for hydrochloric 


* The work reported in this communication was carried out under the 
Harkness Research Fund of the Presbyterian Hospital. 
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acid, the second for the enzymes, and the third for a mucous secre- 
tion containing the total base, a complex carbohydrate (mucoitin 
sulfuric acid), the phosphorus, and the greater part of the nitrogen. 


A CONTRIBUTION TO THE CHEMISTRY OF TURKEY EGGS 


By JOSEPH 8. HEPBURN anp PAUL REVERI MIRAGLIA 


(From the John Clifford English Laboratories of Physics and Chemistry, 
the Hahnemann Medical College and Hospital of Philadelphia, 
Philadelphia) 


In a group of eleven eggs of the turkey (Meleagris gallopavo), 
the maximum, minimum, and average weights of individual eggs 
were, respectively, 92.7, 70.1, and 80.5gm. The shells represented 
9.88 per cent by weight of the eggs. In five eggs, the white formed 
64.26 per cent of the edible portion, the yolk 35.74 per cent. These 
whites and yolks and the whole egg (edible portion, mixed white 
and yolk) of six eggs were analyzed separately for (a) water, (b) 
crude fat, (c) ash, (d) crude protein, and (e) dextrose. The per- 
centage composition was found to be as follows: white, (a) 86.22, 
(b) 0.05, (c) 0.51, (d) 11.38, (e) 0.4255; yolk, (a) 48.26, (b) 33.35, 
(c) 1.29, (d) 15.24, (e) 0.2703; whole egg, (a) 71.36, (b) 12.29, (c) 
0.66, (d) 12.97, (e) 0.3629. The per cent of lipids found in the 
whole egg depended upon the solvent used for their extraction 
from the total solids, the solvents and the per cent obtained with 
each being as follows: ether 12.29, petroleum ether 14.98, chloro- 
form 13.70, carbon tetrachloride 14.79, benzene 13.44, carbon di- 
sulfide 13.46, ethyl acetate 13.88. The fat, obtained by extrac- 
tion of the total solids of the yolk with petroleum ether, had the 
following constants: iodine number (Hiibl) 65.8, acid value 7.7, 
saponification number 184.7, ester value 177.0, soluble acids (cal- 
culated as butyric acid) 2.24 per cent, Hehner number 85.99, phos- 
phorus (calculated as P,O;) 0.43 per cent, index of refraction at 
40° 1.4638. 
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THE DETERMINATION OF CYSTINE AND CYSTEINE IN THE 
PRESENCE OF EACH OTHER 


By W. C. HESS 


(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 


With the Sullivan reaction cystine gives, on the average, 74 per 
cent as much color as the equivalent amount of cysteine put 
through the same procedure. By use of this ratio it is possible to 
estimate cystine in the presence of cysteine, with cystine as a 
standard. Various proportions of cystine and cysteine were em- 
ployed and in all cases the cystine could be determined with less 
than 5 per cent error. It is also possible to estimate cysteine in 
the presence of cystine, with cysteine as the standard. In cases 
in which there is a large amount of cystine present in proportion 
to the cysteine a small correction factor is necessary to allow for 
the fact that some of the cystine is reduced. By the use of a simple 
formula it is possible to determine both the cystine and cysteine 
present in an unknown solution. 


NUTRITIONAL PROPERTIES OF DEAMINIZED CASEIN 


By ALBERT G. HOGAN anno WALTER 8. RITCHIE 


(From the Department of Agricultural Chemistry, University of 
Missouri, Columbia) 


When casein is treated with nitrous acid, it becomes inadequate 
as a source of protein. Lysine, also the other amino acids now 
recognized as essential, was added to deaminized casein, but these 
supplements did not make the deaminized protein adequate for 
rats, though they did prolong the lives of the experimental animals. 
Gelatin and gliadin, separately and in combination, were added 
to deaminized casein, but its usefulness as a source of protein was 
not improved to any significant degree by these additions. Since 
gelatin and gliadin together are a complete source of protein, it 
seemed evident that the damage caused by deaminized casein is 
not entirely due to destruction of essential amino acids. Appar- 
ently a substance is formed which interferes in some way with 
normal metabolism. Additional support for this view is found in 
the observation that animals which survive become anemic and 
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at 9 or 10 weeks the red cell count may fall well below 2,000,000 
per c.mm. Strangely enough a ration that contains equal parts 
of casein and deaminized casein supports normal growth and well 
being. 


INDICATIONS FOR ORGANIZED VARIATIONS IN CALCIFICATION 
IN TOOTH ENAMEL* 


By FRANKLIN HOLLANDER, C. F. BODECKER, E. SAPER, anv 
E. APPLEBAUM 


(From the Department of Oral Histopathology, School of Dental and Oral 
Surgery, Columbia University, New York) 


In the course of an investigation of the mechanism whereby the 
progress of dental decay can be affected by physiological influ- 
ences, a number of observations concerning tooth structure were 
made. We have described elsewhere a new Grenz ray (soft x-ray) 
technique for the determination of structural variations in calcifi- 
cation in teeth. As shown by these radiographs, one of the struc- 
tures in the enamel of human teeth consists of a succession of alter- 
nate light and dark bands, more or less perpendicular to the surface 
of the tooth. Comparison with photomicrographs of the ground 
sections, taken by reflected light, shows this configuration to be 
identical with the bands of Schreger. The areas which are rela- 
tively translucent to the Grenz ray appear white by reflected 
light; the more radiopaque areas are gray. Contrary to present 
opinion, the bands can also be seen by transmitted light in most 
ground sections studied microscopically. They appear as brown 
bands alternating with white ones, intensity of coloration increas- 
ing with intensity of reflecting power. The bands of Schreger are 
usually interpreted as an optical manifestation of the angle, rela- 
tive to their long axes, at which the enamel rods are cut in pre- 
paring the sections of the teeth. Attempts to confirm this explana- 
tion have not been successful except for a few isolated observations. 
It seems more likely that the bands of Schreger are a manifestation 
of localized variations in calcification of relatively small magnitude. 
Confirmation of this view must await further information regard- 
ing the characteristics and genesis of these structures. 


* Aided by a grant from the Commonwealth Fund of New York. 
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THE HEMOGLOBIN CONTENT OF CHICKEN BLOOD 
II. THE DECREASE FOLLOWING HATCHING 


By ARTHUR D. HOLMES anno MADELEINE G. PIGOTT 
(From the Research Laboratories, The E. L. Patch Company, Boston) 


anp PERCY A. CAMPBELL 


(From the Research Department, Eastern States Farmers’ Exchange, 
Spring field) 

In an earlier study of the hemoglobin content of the blood of 
growing chicks, it was found that the hemoglobin varied from 8.6 
to 10.1 gm. per 100 ce. of blood for 21 day-old pullets and from 8.8 
to 10.5 gm. for cockerels of the same age. It was also found that 
the hemoglobin content of the blood of baby chicks varied from 
8.6 to 11.2 gm. This observation raised a question as to the 
“normal’’ hemoglobin level of recently hatched chicks. Accord- 
ingly, hemoglobin determinations of the blood of chicks have been 
made at frequent intervals during the first 3 weeks of life. Tests 
of this character have been made at different seasons of the year 
and the results show hemoglobin content of the blood of recently 
hatched chicks decreases rapidly during the 1st week or so of life. 
Subsequently the percentage of hemoglobin rises to a fairly con- 
stant level. The data accumulated have raised a number of ques- 
tions regarding variables which may influence the hemoglobin 
level during the early stages of a chick’s life. 


THE TITRIMETRIC MICROESTIMATION OF IRON IN BIOLOGICAL 
MATERIALS 


By M. K. HORWITT 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


The microtitration for iron with titanous sulfate deserves greater 
popularity because of its accuracy and its wide applicability. 
Several precautions, however, which have not been generally 
observed should be stressed. Pyrophosphates should be avoided 
because of their effect on the Fe(SCN); end-point. By ashing the 
sample with Na,CO; at 500°, the tertiary phosphates only are 
formed and no iron is lost by volatilization. Some biochemists 
have overlooked the fact that copper is present in biological mate- 
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rials in sufficient quantity seriously to augment the iron figures if 
an oxidation-reduction method is used. Thus, some of the results 
reported by Stiebeling are probably high since she titrated with 
KMnQ, without removing the copper, which is present in foods 
in quantities equivalent often to much more than 5 per cent of the 
total iron. This copper can be rapidly removed quantitatively by 
precipitation as CuS from an acid solution and subsequent filtra- 
tion. The filtrate is then oxidized with H,O, and the excess H,O, 
boiled off in alkaline solution. The solution is then acidified and 
cooled, a large excess of KSCN added, and the titration conducted 
under CO, with approximately 0.005 n Tie(SO,)3. Platinum and 
tin interfere in a manner similar to copper; but they are removed 
with the copper. A warm acid solution of Fe(SCN); in excess 
of KSCN loses some color on standing, therefore it is recommended 
that the KSCN be added to the cooled solution. Thornton and 
Chapman” fully discuss the theory of this titration. 


SOME PARTIAL CLEAVAGE PRODUCTS OBTAINED BY PEPTIC 
DIGESTION OF CASEIN 


By D. BREESE JONES ann CHARLES E. F. GERSDORFF 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


Previous studies showed that far reaching changes occur in the 
casein molecule at very early stages of peptic digestion. This 
suggested that isolation of some of the partial cleavage products 
and determination of their nature and composition might throw 
light on the structure of the casein molecule. Three fractions were 
separated after 1 hour’s digestion. Fraction A gradually separates 
during the digestion as a translucent, flocculent material which 
reaches its maximum quantity by the end of the 1st hour. The 
solution remaining after removal of Fraction A, when adjusted to 
pH 6 by addition of dilute alkali, yielded Fraction B. The 
products remaining after removal of Fraction B represent Fraction 
C. The three fractions amounted respectively to 22, 12.7, and 
65 per cent of the casein taken for the digestion. 

Striking differences in the amino acid composition of the fractions 


1 Thornton, W. M., Jr., and Chapman, J. E., J. Am. Chem. Soc., 48, 91 
(1921). 
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were observed. Fractions A and B, which together represented 
about 35 per cent of the casein, contained no cystine. Practically 
all the cystine of the original casein was recovered in Fraction C. 
On the other hand, 87 per cent of the phosphorus of the casein was 
recovered in Fractions A and B, and only 4 per cent was found in 
Fraction C. Other differences, although less striking, were ob- 
served in the percentages of other amino acids, particularly in 
the case of lysine and tryptophane. The percentages of lysine in 
Fractions A, B, and C were 8.02, 10.68, and 4.52, respectively, and 
those of tryptophane, 0.46, 1.17, and 3.03. 


ACTIVITY COEFFICIENTS IN SYSTEMS CONTAINING IONS AND 
ZWITTER IONS 


By NORMAN R. JOSEPH 


(From the Department of Physical Chemistry, Harvard Medical 
School, Boston) 


Electrometric methods of studying electrolyte activity in three 
component systems have an advantage over solubility methods in 
that the concentration of more than one of the components can be 
independently varied. For this reason, cells without liquid junc- 
tion have been employed to determine the activity coefficient of 
NaCl and KCl in aqueous glycine and leucine solutions, and the 
results employed to calculate the activity coefficient of the amino 
acids in the salt solutions. 

The cell Ag | AgCl | NaCl| HgNa| NaCl, amino acid | AgCl | 
Ag has been measured. Both salt and amino acid content were 
varied and the activity coefficients computed. The activity co- 
efficient of each component has been referred to its isomolal solu- 
tion in pure water as standard state. 

Electromotive force measurements at 1.4° have been compared 
with freezing point measurements and are in satisfactory agree- 
ment. They indicate that glycine decreases the activity coefficient 
of NaCl, and that NaCl decreases the activity coefficient of glycine. 
This effect is in the direction reported by the solubility method at 
25° for the influence of glycine upon cystine, TICI, or Ba(1O;)s, 
and of dilute NaCl and KCl upon glycine. The activity coefficient 
of leucine is increased by NaCl and KCl. Electromotive force 
measurements upon KCl and NaCl appear to indicate that the 


XUM 


xliv Scientific Proceedings. XXVIII 


same is true even for glycine at 25°. Further studies are being 
undertaken to determine whether the latter data represent’ a real 
property of the systems or anomalous behavior of the electrodes 
at the higher temperature. 


THE QUANTITATIVE DETERMINATION OF SMALL AMOUNTS OF 
GONADOTROPIC SUBSTANCE 


By PHILIP A. KATZMAN ann EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis) 


This investigation represents an attempt to obtain concentrates 
of gonadotropic material in a form which is non-toxic to the imma- 
ture animal. 

Known, small amounts of gonadotropic extracts are added to 
male urine which has been boiled. The active substance, which is 
completely carried down by tungstic acid, can be quantitatively 
recovered by dissolving the precipitate in dilute NaOH and remov- 
ing the tungstate by means of barium. These extracts, however, 
are sometimes toxic. Satisfactory recovery of the added material 
in a non-toxic solution can be made by decomposing the tungstic 
acid precipitate with aqueous brucine. The active material is 
precipitated by chilled acetone. Sodium acetate is added to 
facilitate precipitation. The precipitate is dissolved in water. 

Recovery is effected satisfactorily and easily by adsorption on 
finely divided benzoic acid. For this purpose, acetone saturated 
with benzoic acid is added to the urine, which has been slightly 
acidified with acetic acid. The benzoic acid precipitate is dis- 
solved in cold acetone and the insoluble material leached with 
dilute NaOH. Added amounts, as little as 2 to 3 rat units, can 
be quantitatively recovered from the boiled urine in a form which 
has no observed ill effects when injected into normal immature rats. 

Preliminary data obtained by the application of these methods 
show that the normal daily excretion of gonadotropic material 
ranges from <4 to >19 mouse units in men, from <3 to 16 mouse 
units in women, <3 mouse units in children before puberty, 14 to 
28 mouse units in children after puberty, and 9 to 26 mouse units 
in women in the menopause. 
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STUDIES ON THE STABILITY OF VITAMINS B,, B:, AND B, 


By J. A. KEENAN anp O. L. KLINE 


(From the Department of Agricultural Chemistry, University of 
Wisconsin, Madison) 


The effect of temperatures ranging from 65-120°, of moisture, 
and of time of heating, upon the stability of vitamins B,, Be, and 
B, in a natural grain ration composed of yellow corn, wheat mid- 
dlings, casein, and salt, in yeast, and in liver, has been studied on 
the chick. The incidence of polyneuritis, pellagra, and paralysis 
was used to indicate the lack of vitamins B,, Bs, and B, respectively, 
rather than that of growth response. 

Vitamin B, is inactivated by heating in a moist medium at 100° 
for a period of 24 hours. This same factor is stable to a tem- 
perature as high as 120° when treated in the dry state for the same 
period of time. If this treatment is continued for 144 hours, most 
of the vitamin B, is destroyed. 

The vitamin B, in the ration, in yeast, and in liver is inactivated 
when these materials are heated in a dry state at 120° for 144 hours. 
This treatment also destroys the vitamin B, activity of the ration 
and liver. Vitamin B, in liver is destroyed by autoclaving at 120° 


for 5 hours at 15 pounds pressure. Dry heat treatment of the 
natural grain ration at 120° for 24 hours renders it deficient in 
vitamins B, and B, but does not alter the vitamin B, content 
appreciably. 

The differential destruction of vitamins B,, Bz, and B, in a 
natural grain ration and various supplements by heat treatment 
is discussed. 


THE CHEMICAL NATURE AND PHYSIOLOGICAL ACTION OF THE 
HORMONE OF THE SUPRARENAL CORTEX 


By EDWARD C. KENDALL, HAROLD L. MASON, BERNARD F., 
McKENZIE, C. 8. MYERS, anp G. A. KOELSCHE 


(From the Division of Chemistry, The Mayo Foundation, Rochester, 
Minnesota) 

The hormone of the suprarenal cortex which is essential for 
life has been separated in crystalline form. Its empirical formula 
is A structural formula has been assigned. 

The hormone has been studied in regard to its effect on the 
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nitrogen metabolism after administration of thyroxine to normal 
and unilaterally and bilaterally suprarenalectomized dogs. The 
hormone has been shown to exert a beneficial effect, both in regard 
to the duration and severity of the effect of thyroxine and in regard 
to the breakdown of protein. In the presence of a large amount 
of the hormone, a positive nitrogen balance may be maintained. 
If the dose is decreased to the maintenance level, thyroxine will 
bring about a pronounced negative nitrogen balance. 


THE RECOVERY FOLLOWING BRIEF SEVERE EXERCISE 


By ANCEL KEYS 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


Analyses of blood drawn from the arm vein at frequent intervals 
during an hour following brief severe exercise showed character- 
istic concentration changes in hemoglobin, plasma proteins, lactic 
acid, etc., from which fluid exchanges across the capillary walls 
could be calculated. In the first 2 minutes following the start of 
the exercise there is a loss of 200 to 250 cc. of plasma ultrafiltrate 
per minute to the tissues; thereafter, during the continuation of 
rest, there is a very slow return of this fluid to the blood stream, 
the original state being attained in about 60 to 75 minutes. Re- 
serve stores of hemoglobin, amounting to 3 to 4 per cent of the 
total blood hemoglobin, appear in the blood stream within 2 min- 
utes of the start of exercise and remain practically constant there 
for half an hour or more during rest, returning to their reservoir 
(spleen, presumably) somewhat more slowly than the plasma ultra- 
filtrate returns to the blood stream. The recovery, as indicated 
by blood concentration changes, is rapid during the 1st minute of 
rest, then slow for the next 30 to 40 minutes, and finally relatively 
rapid until back to the resting level; the pulse rate and blood 
pressure follow not dissimilar curves. The fluid exchanges during 
the first 2 or 3 minutes are probably determined largely by changed 
hydrostatic relations; later, osmotic relations are predominant but 
are held in check by persisting high blood pressure. Following 
this argument, the final return to normal begins when a fall in 
venous pressure permits the osmotic forces to have full sway. 
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GASOMETRIC MICRODETERMINATION OF PHOSPHORIC ACID 


By ESBEN KIRK 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 

Phosphoric acid is precipitated as strychnine phosphomolybdate 
by an adaptation of Embden’s" procedure, and the carbon in the 
precipitate is determined by the gasometric combustion method of 
Van Slyke, Page, and Kirk.“ The precipitate contains 3.5 mole- 
cules of strychnine, and 73.5 atoms of C, per atom of P, so that 
minute amounts of P can be easily determined. The C precipi- 
tated with 0.01 mg. of P gives approximately 200 mm. of CO, 
pressure to read at 2 cc. volume in the manometric apparatus. 

To 6 ce. of solution, containing 0.005 to 0.025 mg. of inorganic 
P, and just acid enough to turn phenol red yellow, are added 2 ce. 
of Embden’s reagent. The precipitate is collected in a filter tube, 
washed with 1 per cent nitric acid and water, and redissolved in 
acetone, in which it is readily soluble. The acetone solution is 
drawn into one of the combustion tubes used for gasometric 
carbon combustion,'* and the carbon in the precipitate is deter- 
mined. Mg. of P = 0.03520 X mg. of C. The error is usually 
within +0.5 per cent of the amount of P determined. 

The method has been applied to blood, urine, and phosphatides, 
the strychnine molybdate precipitation being preceded by wet 
combustion when the P is in organic combination. 


GASOMETRIC DETERMINATION OF PLASMA LIPIDS 


By ESBEN KIRK, IRVINE H. PAGE, anp DONALD D. VAN SLYKE 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


The lipids, extracted by an adaptation of Bloor’s alcohol-ether 
technique, are determined gasometrically. 

1. Total Cholesterol—The alcohol-ether extract is saponified with 
saturated alcoholic NaOH, and after neutralization extracted with 
petroleum ether. The cholesterol is precipitated with digitonin 


13 Embden, G., Z. physiol. Chem., 113, 138 (1921). 
14 Van Slyke, D. D., Page, I. H., and Kirk, E., J. Biol. Chem., 102, 635 


(1933). 
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in a combustion tube. The digitonide is washed with ether and 
boiling water in the tube. The washings are removed by suction 
through a filter tube with a porous alundum tip. The carbon of 
the precipitate is determined by the method of Van Slyke, Page, 
and Kirk. The filter tube is made with a detachable tip which is 
allowed to remain in the combustion tube. 

2. Total Lipid—The alcohol-ether extract is evaporated to dry- 
ness at a temperature not exceeding 60°. The residue is reex- 
tracted with petroleum ether and filtered through a sintered glass 
filter. An aliquot portion of this extract is evaporated to dryness 
in a combustion tube and the carbon determined. 

3. Free Cholesterol—Determined by digitonin precipitation. 

4. Lipid Nitrogen—Determined on samples of petroleum ether 
extract by the gasometric method of Van Slyke and Kugel. 

5. Lipid Phosphorus—Determined by the gasometric method 
of Kirk. 

6. Lipid Amino Nitrogen (Cephalin)—Samples of the petroleum 
ether extract are evaporated to dryness (not above 60°), emulsi- 
fied with water, and the amino nitrogen is determined according 
to Van Slyke. The reaction time is 3 times that for amino groups 
of amino acids. 

The percentage errors are the following: total lipid 0.50, free 
cholesterol 0.50, total cholesterol 3 (error incurred in saponifica- 
tion), lipid nitrogen 0.75, lipid phosphorus 0.75, and cephalin 3. 


QUANTITATIVE STUDIES OF THE EFFECTIVENESS OF ULTRA- 
VIOLET RADIATION OF VARIOUS WAVE-LENGTHS 
IN RICKETS 


By ARTHUR KNUDSON anp FRANK BENFORD 


(From the Department of Biochemistry, Medical Department of Union 
University, Albany Medical College, Albany, and the Research 
Laboratory, General Electric Company, Schenectady) 

With a large quartz monochromator of high dispersion experi- 
ments were undertaken to determine quantitatively the relative 
effectiveness of radiation of various wave-lengths in the cure or 
prevention of rickets. The shaved area of the skin on the back of 
rachitic rats was exposed to the energy from the mercury spectrum 
for each of several different wave-lengths. Energy measurements 


Society of Biological Chemists xlix 


of the mercury spectrum were made with a thermopile and the 
energy incident on the skin of the rat determined. By use of the 
line test technique and the assay procedure for vitamin D as 
adopted by the Council on Pharmacy and Chemistry of the 
American Medical Association, the amount of energy necessary 
to produce a unit of vitamin D was determined for each wave- 
length. Wave-lengths of 3128, 2967, 2804, and 2653 Angstrém 
units have so far been studied. The results indicate that the rela- 
tive effectiveness of wave-lengths in the cure of rickets does not 
correspond with that producing erythema. 


THE EFFECT OF LIGHT ON THE COMB RESPONSE OF CAPONS TO 
TESTICULAR HORMONE* 


By F. C. KOCH anp T. F. GALLAGHER 


(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicago) 

Previous studies" from this laboratory showed that light retards 
or lowers the comb response in capons to testicular hormone. 
This has been confirmed by Freud, Laqueur, and Pompen. Our 
recent studies show that the duration of exposure of capons to 
light or darkness before treatment with testicular hormone may 
change the character of the response. Capons kept for 11 days or 
longer before treatment under constant illumination or constant 
darkness, when injected under the same conditions, give essen- 
tially identical comb response to testicular hormone. If, however, 
the birds previously kept in darkness are injected for a 5 day 
period under bright illumination, the response is markedly lowered. 
It is evident then that the capon is in some manner conditioned to 
the degree of illumination to which it is subjected and that a 
change of the order indicated brings about the effect previously 
observed. 

* This investigation was made possible in part through grants from 
the National Research Council and the Rockefeller Foundation. 

1% Womack, E. B., Koch, F. C., Domm, L. V., and Juhn, M., J. Pharm- 
acol. and Exp. Therap., 41, 173 (1931). 

16 Freud, J., Laqueur, E., and Pompen, A. W. M., Endokrinologie, 10, 1 
(1932). 
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THE DESTRUCTION OF EPINEPHRINE BY TISSUES AND FLUIDS 
OF THE BODY 


By ALFRED E. KOEHLER 
(From the Santa Barbara Cottage Hospital, Santa Barbara) 


The destruction of epinephrine added to minced or ground 
tissue, tissue extracts, and body fluids buffered with phosphate at 
pH 7.0 was studied. After a period of incubation at body tem- 
perature the protein was removed with trichloroacetic acid. 
After alkalization with sodium bicarbonate the undestroyed 
epinephrine was oxidized with iodine, the excess of the latter 
having been removed with thiosulfate. The color produced was 
compared with a fresh similarly prepared standard and also with a 
control solution not containing tissue but incubated for the same 
period of time. 

Rat and rabbit muscle and water extracts of muscle had either 
no or a slight inhibiting effect on the destruction of epinephrine. 

Rabbit liver had no uniform effect on the destruction. Some 
rabbit livers showed a slight inhibition, others a slight acceleration, 
and others no effects. Rabbit intestine showed a similar behavior. 

Rat liver also had a variable effect but in general the destruction 
was accelerated. Rat intestine showed a consistent and con- 
siderable acceleration of the destruction. 

Human transduodenal drainage secretions show a consistent 
and marked acceleration of the destruction. Normal human 
urine shows a marked inhibition of the destruction. 

Data support the oxidative nature of this destruction. 

The term destruction of epinephrine is used advisedly, inasmuch 
as the combination of epinephrine with the tissues or tissue sub- 
stances in a manner not broken up by trichloroacetic acid has not 
been completely ruled out. 


THE EXTRACTION OF THE FACTOR CURATIVE OF DERMATITIS IN 
RATS DUE TO EGG WHITE 


By JANE G. LEASE ann HELEN T. PARSONS 
(From the Department of Home Economics, University of Wisconsin, Madison) 


This factor was not extracted from cooked, dried pork kidney or 
beef liver (rich sources) by the ordinary solvents, 60 or 95 per cent 
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ethyl alcohol, chloroform, ether, 25, 50, and 100 per cent pyridine, 
aniline, butyl alcohol, methyl alcohol, petroleum ether, carbon 
tetrachloride, acetone, ethyl acetate, glacial acetic acid, 0.1 and 
0.025 n NaOH, nor by long leaching with water. 

After boiling with 5 or 10 per cent HCl, some of the remaining 
activity was removed by 60 but not by 95 per cent ethyl alcohol, 
ether, butyl alcohol, or pyridine; nor by 60 per cent ethyl alcohol 
in the case of liver boiled with 5 per cent H2SO,. 

After papain digestion of Eli Lilly and Company’s liver residue 
(from extract No. 343) appreciable activity was obtained by 
extraction with water, 60 and 25 per cent ethyl alcohol, 5 and 50 
per cent CH;COOH, or 50 per cent pyridine, but not by acetone, 
butyl alcohol, 95 per cent ethyl alcohol, glacial acetic acid, 100 per 
cent pyridine, or petroleum ether. 

The active substance was not adsorbed from an active water 
extract by fullers’ earth at pH 3 or 5.3, nor precipitated by lead 
acetate, picric acid, tannic acid, or mercuric acetate. 

Activity was not obtained from the active dried water extract 
in the butyl alcohol, ether, acetone, or petroleum ether extracts 
or in the 5 day dialysate. At the high levels fed, activity appeared 
in the methyl alcohol and 95 per cent ethyl alcohol extracts. 


THE BEHAVIOR OF HISTIDINE IN THE FORMOL TITRATION 


By MILTON LEVY 


(From the Department of Chemistry, University and Bellevue Hospital 
Medical College, New York University, New York) 


The titration constants of histidine are shifted in a peculiar 
way by formaldehyde. The most alkaline constant, pKs, decreases 
rapidly at low formaldehyde concentrations, passes through a 
minimum at 7.4, and then increases. The second constant, pKe, 
decreases regularly with increasing formaldehyde, becoming 
asymptotic to pK 3.15. The changes may be accounted for by 
reactions of formaldehyde with the amino group only; reaction 
with the imidazole group need not be considered. However, the 
presence of the imidazole allows internal shifting of hydrogen ions 
to occur and it is this which accounts for the complex behavior. 
The behavior of related compounds, histamine, imidazolelactic acid, 
and methylimidazole in formaldehyde supports the conclusions. 
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THE CYSTINE AND IRON CONTENT OF EPIDERMAL TISSUES IN 
RELATION TO PELLAGRA 


By GEORGE T. LEWIS 
(From the Department of Biochemistry, Emory University, Georgia) 


It has been suggested that pellagra is the result of a sulfur 
deficiency and also that it is caused by a deficiency of iron. The 
epidermal tissues contain more cystine and in the beef more iron 
than other parts of the organism. A diet deficient in sulfur causes 
in the rat the production of hair with a lowered cystine content. 
If pellagra is the result of a sulfur or iron deficiency, we might 
expect the epidermal tissues to show a lowered content of cystine 
or iron. Analyses have been made for cystine and for iron in 
epidermal tissues from proved cases of pellagra and from controls 
of the same sex and approximately the same age. No evidence 
has so far been obtained to support either the sulfur deficiency or 
the iron deficiency theory. 


SOME PRODUCTS OF THE PARTIAL HYDROLYSIS OF SILK 


By HOWARD B. LEWIS anp R. LORIMER GRANT 


(From the Department of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 


Silk noils were hydrolyzed with 70 per cent sulfuric acid at 30° 
for varying periods of time and after the removal of the acid, the 
so called “silk peptones’” were prepared in the usual manner. 
From the product obtained after short periods of acid hydrolysis 
(65 to 70 minutes), it was possible to separate two fractions, the 
first, more soluble with a lower tyrosine content, similar to that 
of the usual type of proteins, and a second, less soluble, containing 
a percentage of tyrosine considerably greater than that of the 
original silk noils. « 


GLYCOGEN RESYNTHESIS IN DEPANCREATIZED ANIMALS 


By C. N. H. LONG, F. D. W. LUKENS, anv EDITH G. FRY 
(From the George S. Cox Medical Research Institute, University of 
Pennsylvania, Philadelphia) 


A comparison has been made of the amount and rate of glycogen 
synthesis in fasted, normal and depancreatized cats subjected to a 
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standard amount of exercise. The findings are: (1) Muscle 
glycogen breakdown occurs to about the same extent in both 
groups. (2) Muscle and blood lactic acid values have returned to 
their initial levels before glycogen resynthesis is completed. (3) 
During the first 2 hours of recovery about 45 per cent of the 
glycogen lost is reformed in both normals and diabetics. (4) 
From the 2nd to the 6th hour of recovery the normal animal 
continues to lay down muscle glycogen, while the diabetic animals 
show only a small increase. (5) 24 hours after exercise it is found 
that both normal and diabetic muscles have a glycogen content 
about equal to that of unstimulated muscles. 

The results indicate that two processes are normally operating 
in the restoration of muscle glycogen after exercise; the first and 
most immediate of these is the reconversion of muscle lactic acid, 
while the second and more prolonged one represents that portion 
of muscle glycogen that is formed from the blood sugar. In the 
diabetic animal this second process is considerably retarded, but, 
nevertheless, provided sufficient length of time is allowed, full 
glycogen recovery can occur. The most important contributory 
factor is probably the high blood sugar level present in this 
condition. 


THE LACTIC ACID AND GLUTATHIONE CONTENT OF THE BLOOD 
OF SCHIZOPHRENIC PATIENTS 


By JOSEPH M. LOONEY anv HAZEL M. CHILDS 


(From the Memorial Foundation for Neuro-Endocrine Research and the 
Research Service of the Worcester State Hospital, Worcester) 


The amounts of lactic acid, reduced and total glutathione, 
oxygen, and carbon dioxide were determined in the arterial and 
venous blood of schizophrenic patients, and in the venous blood of 
some normal subjects. 

The difference between the mean venous lactic acid value of 57 
patients (14.27 + 0.72 mg. per cent) and that of eighteen control 
subjects (10.28 + 0.57 mg. per cent) was 4.00 + 0.92 mg., which 
is statistically highly significant. 

The means for reduced glutathione were 34.99 + 0.68 mg. per 
cent for the patients and 38.23 + 1.20 mg. per cent for the normal 
subjects. The difference (3.24 mg.) exceeds the standard error of 
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1.38 mg. only 2.3 times, and cannot, therefore, be regarded as 
statistically significant. However, as this reduction may account, 
at least in part, for the increased lactic acid, it might be regarded as 
physiologically important. The means for total glutathione were 
not significantly different, 39.12 + 0.71 for patients and 41.91 + 
1.25 for controls. 

A difference of 5.18 + 0.98 volumes per cent of venous carbon 
dioxide was obtained between the mean of 59.30 + 0.47 volumes 
per cent in the patients and that of 54.12 + 0.86 in the control 
group. This difference is significant but the population of 
patients was not entirely representative, as a selection was made 
on the basis of low venous oxygen values. In view of this fact the 
lack of significance between the value of 8.74 + 0.38 obtained for 
the venous oxygen of the patients and that of 10.12 + 0.67 is 
striking. 

A correlation of 0.81 was found between venous and arterial 
lactic acid, and of 0.88 between venous and arterial reduced 
glutathione; all others were extremely low. 


THE SOLUBILITY OF THE STEREOISOMERS OF CYSTINE 


By HUBERT 8. LORING 


(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


Frequent references have been made in the literature to the 
greater solubility of “inactive cystine’ compared with that of 
l-cystine; estimates of a solubility of 3 to 6 times that of /-cystine 
have been reported. The isolation of meso- and dl-cystine from 
“inactive cystine” demonstrated that these earlier determinations 
had been made on a mixture of isomers. The isolation, however, 
of these two inactive isomers has made possible the determination 
of their true solubility. Such a study has been carried out and 
has shown that both of these isomers are actually less soluble than 
the optically active l-cystine. The isolation of d-cystine in pure 
form has also made possible the direct determination of its solu- 
bility in comparison with that of /-cystine; no difference was 
observed as would be expected. 

A curious fact, however, has been brought out by these studies. 
It soon became apparent that the combined solubility of meso- 
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and dl-cystine was far too low to account for the solubility of 
“inactive cystine;” in fact, even the summation of the individual 
solubilities of all four stereoisomers is not great enough to account 
for it. We have therefore been led to investigate the reason 
for this difference. 


THE CALORIGENIC ACTION OF GLUTAMIC ACID 


By JAMES MURRAY LUCK ann HELEN GENEVA LEWIS 
(From the Biochemical Laboratory, Stanford University, California) 


Glutamic acid, as the monosodium salt, was administered to 
fasting rats by stomach tube in quantities of 0.27 to 1.2 mm 
(0.2 to 0.9 gm. per kilo of body weight) and the subsequent changes 
in metabolic rate determined. The method described by us” was 
employed. 

The maximum effect per mm of administered glutamic acid was 
obtained with 0.7 mm. At this level 0.8 extra calorie per mm was 
given off. The effect decreased sharply with increase of dosage. 
The effective range is very narrow, but within this range glutamic 
acid is a much greater metabolic stimulant than glycine in equiva- 
lent dosage. 


THE CHEMISTRY OF THEELIN AND THEELOL 


By D. W. MacCORQUODALE, LOUIS LEVIN, ann 
SIDNEY A. THAYER 


(From the Laboratory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis) 


In extending our investigations on the chemistry of theelin and 
theelol we have made further attempts to degrade the molecule by 
oxidation in order to obtain some simpler substance which could 
be identified. This task presents considerable difficulty. Mild 
oxidizing conditions result in the splitting off of only 1 or 2 carbon 
atoms, while more vigorous oxidation results in complete destruc- 
tion of the molecule. We have succeeded in isolating several new 
derivatives. The oxidation of theelol methyl ether with chromic 
acid in acetic acid solution produces the lactone, C,sHisOs, which 


17 Lewis, H. G., and Luck, J. M., J. Biol. Chem., 103, 227 (1933). 
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we had previously obtained from another derivative, and also a 
dibasic acid of the formula CosH»Os. Oxidation of the dibasic 
acid, C;>H2Os, by the same method produces a neutral, difficultly 
soluble fraction from which by treatment with potassium per- 
manganate a lactone was obtained having the formula C,.6H;30,. 
From the filtrate from the neutral, difficultly soluble fraction 
there were obtained two other substances, one a monobasic acid 
of the formula CooH2,O, and the other a lactone having the formula 
CisHisO,. Only a few mg. of this last compound were obtained, 
so that its composition is not fixed with certainty, but we are 
endeavoring to obtain more of it for further study, for it probably 
is a tetrahydronaphthalene derivative and represents the most 
extensive degradation of the theelol molecule yet attained short of 
complete destruction. 

None of the derivatives of theelin and theelol so far obtained has 
any significant estrogenic activity. 


A STUDY OF CERTAIN PHASES OF METABOLISM IN 
POLIOMYELITIS 


By ELIZABETH J. MAGERS 
(From the Department of Physiology, Vassar College, Poughkeepsie) 


The subject, a boy aged 13 years and a victim of poliomyelitis 
in the fall of 1931, was first seen when he had to be in the Drinker 
respirator the entire time. A series of tests made within 6 months 
of the onset of the disease showed as an accompaniment of a 
constant decrease in body weight (1) a decrease in basal metab- 
olism to —31 per cent (Bierring standards) and (2) a decrease in 
the total creatinine coefficient to 8.6. The creatine excretion at 
this time averaged 128 mg. per day and the creatinine 168 mg. 
per day. 

A second series of tests performed 2 years later, when there 
was ability to breathe outside of the respirator 12 hours and more 
a day but with no increase in the number of active muscles, shows 
an increase in the basal metabolism to —8.5 per cent when in the 
respirator. The metabolism increased on an average of 10 per 
cent above this when the subject was breathing outside of the 
respirator. A study of the creatine and creatinine excretion on a 
meat- and broth-free diet showed a total creatinine coefficient of 
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16.7, and average daily excretions of creatine and creatinine of 480 
mg. and 200 mg., respectively. The inorganic phosphorus excre- 
tion paralleled the creatine excretion. When 0.5 gm. of creatine 
was fed for 2 successive days, about 60 per cent was excreted. 
This occurred on the same days. A retention of creatine fed 
was further indicated by a decreased excretion of inorganic phos- 
phorus. The influence of continued creatine ingestion is being 
studied. 


THE EXCRETION OF ALLANTOIN AND URIC ACID BY THE DOG 
MAINTAINED ON A PURINE-FREE DIET AND ON A 
PROTEIN-FREE DIET. THE INFLUENCE OF THE 
ADMINISTRATION OF GLYCINE 


By MARIE F. MARTIN anv RALPH C. CORLEY 


(From the Division of Biochemistry, Department of Chemistry, Purdue 
University, Lafayette) 


A dog has been maintained for 36 days on a purine-free complete 
ration and for 31 additional days on a “protein-free’’ (7.¢. nitrogen- 
low) diet. The urine of each day was collected in two 12 hour 
samples, one postabsorptive and the other for the period during 
which the food was ingested. The excretion of creatinine was 
quite constant over the entire period of observation. The elimina- 
tion of allantoin was quite constant for the 24 hour periods, for 
the absorptive periods, and for the postabsorptive periods, on 
both dietary regimens. However, the excretion of allantoin 
during the absorptive periods was practically 3 times as large as 
that during the postabsorptive intervals. That this difference 
was not due to the time of day alone was evidenced by the main- 
tenance of this relation after changing the time of feeding by 
12 hours. 

The administration of glycine under postabsorptive conditions 
was followed by no significant change in the excretion of allantoin. 
Following the change from a complete to a protein-free diet, 
there was a decrease in, but not a cessation of, the excretion of the 
material or materials responding to the method for the indirect 
determination of uric acid. 
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THE METABOLISM OF CARBOHYDRATES IN A CASE OF 
GALACTOSURIA 


By HOWARD H. MASON 


(From the Department of Diseases of Children, College of Physicians and 
Surgeons, Columbia University, New York) 


A metabolic study of a case of galactosuria in early infancy has 
been made. This case was characterized by lack of growth, 
anemia, albuminuria, and a large liver and spleen. 

A normal tolerance for glucose and fructose and a decreased 
tolerance for galactose and lactose were found. When galactose 
or lactose was administered, a considerable portion was excreted 
in the urine as galactose. The blood glucose (finger-tip method) 
did not vary from the normal range when the patient was on a milk- 
free diet. The addition of milk to the diet caused a depression of 
the blood glucose which did not rise until after the blood galactose 
dropped. The effect of adrenalin and insulin was studied. 

It is suggested that the low blood glucose and large liver were 
due to excessive storage of glycogen in the liver and that the 
clinical symptoms were due to the abnormal distribution of the 
blood sugars. 


THE DETERMINATION OF IODINE IN BLOOD, URINE, AND 
CABBAGE 


By J. F. McCLENDON, R. H. HAMILTON, Jr., anv 
CURTIS HOLDRIDGE 


(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis) 

Since tube combustion has often failed owing to insufficient 
oxygen, our (nickel, water-cooled) screw-feed has an annular 
opening completely surrounding the end and supplying oxygen to 
burn the material in a Visking sausage casing advanced by the 
screw. Blood is dried after introducing it into the Visking casing 
so that no transfer is necessary. Since dried urine will not burn 
even in a bomb of compressed oxygen owing to its high content of 
urea and salts, urine is treated with bacterial urease and mixed with 
sulfur, evaporated to the viscosity of blood, poured into Visking 
casing, and dried. ‘The combustion tube is prevented from melt- 
ing by making the first portion flask-shaped and the portion con- 
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taining the electrically heated platinum wire catalyst of silica. 
Volatilized chlorides are caught by filtering the gases through an 
alundum capsule, suction being regulated by a manometer. 
Titration with 0.0005 Nn thiosulfate (preserved with amyl alcohol 
and borax) permits a small sample but is non-specific, and is 
applied only after the technique is checked by the colorimetric 
method on larger samples. The microburette can be read to 
0.001 ec. and is without stop-cocks, micrometer screws, or rubber 
connections, the level of Hg used to‘ displace thiosulfate being 
raised by shoving a glass rod into the Hg. 


THE APPLICATION OF A NEW CHEMICAL PROCEDURE FOR THE 
STUDY OF DIFFUSIBLE BLOOD IODINE 


By D. ROY McCULLAGH anp V. PICHA 
(From the Department of Biochemical Research, Cleveland Clinic, Cleveland) 


A review of existing methods for the microdetermination of 
iodine did not reveal a blood chemistry procedure satisfactory for 
use in a routine laboratory. Since the methods were either 
inaccurate, cumbersome, or required special training in technique, 
we have devised a new procedure. In this procedure the blood is 
fused with alkali. The iodine is recovered from the fused mass by 
aleohol and purified by distillation. The distillate is evaporated 
to small bulk and the iodine estimated by the Winkler method. 
The procedure could be applied to the study of iodine in any 
biological material. 

The method is very satisfactory for the diagnosis of hyper- 
thyroidism or hypothyroidism. 

In estimations involving 0.5 to 2 micrograms the error is approx- 
imately +5 per cent. The error decreases as the amount of 
iodine increases. The method gives satisfactory recovery of 
added iodine in the form of potassium iodide, potassium iodate, 
diiodotyrosine, or p-iodobenzoic acid. 

By determining iodine in both the blood and spinal fluid of 
each of a group of patients we hoped to learn what percentage of 
the iodine in blood is diffusible. In the patients examined the 
amount of iodine in the spinal fluid was less than 3 micrograms per 
100 cc., usually varying from 1 to 2 micrograms per cent. The 
total blood iodine during the winter months is about 9 micro- 


grams per cent. 
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THE STATE OF CALCIUM IN THE FLUIDS OF THE BODY 


By FRANKLIN C. McLEAN anv A. BAIRD HASTINGS 


(From the Physiological Laboratory and the Lasker Foundation for Medical 
Research, the University of Chicago, Chicago) 


The ionization of calcium in the fluids of the body has been 
studied by the frog heart method, previously described.“ In 
protein-free fluids (cerebrospinal fluid) of human origin, nearly all 
of the total calcium present is found to be in ionized form. In 
solutions of purified serum proteins, calcium combines with the 
protein. The combination; represents an equilibrium between 
protein, total calcium, and calcium ions, and this equilibrium may 
be described by a mass law equation. In protein-containing 
fluids (serum, ascitic fluid, chest fluid, edema fluid) of human 
origin, whole or diluted, the same relationship is found. Agree- 
ment of the values for the mass law constant obtained from 
observations upon purified serum proteins and protein-containing 
fluids indicates that it is unnecessary to postulate any appreciable 
amount of other calcium-binding substances in human fluids. 
There is some evidence that this does not hold true for all species. 

Additional evidence to the effect that the frog heart method is 
specific for ionized calcium, and that calcium bound to protein 
or to citrate is physiologically inactive with respect to the frog 
heart preparation, has been obtained from the observation that 
when citrate is added to solutions of purified proteins, or to serum, 
the values found for calcium ions satisfy simultaneously the mass 
law equations for calcium citrate and for calcium proteinate. 


CALCIUM AND PHOSPHORUS METABOLISM IN DAIRY COWS 
VII. THE EFFECTS ON CALCIUM AND PHOSPHORUS METABOLISM 
OF FEEDING RATIONS LOW IN CALCIUM FOR LONG PERIODS 


By EDWARD B. MEIGS, WILLIAM A. TURNER, EDWARD A. KANE, 
anp LEO A. SHINN 


(From the Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture) 


The results of experiments on the calcium and phosphorus 
metabolism of dairy cows have been confusing. Some balance 


18 McLean, F. C., and Hastings, A. B., Proc. Soc. Exp. Biol. and Med., 
30, 1344 (1932-33). 
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experiments have indicated that milking cows assimilate only 
from 20 to 30 per cent of their calcium intake and are likely to be in 
negative calcium balance even on rations high in calcium; others 
have given quite different results. In some cases cows kept for 
long periods on rations low in calcium have reproduced normally 
and remained in good health; in others they have aborted, and have 
shown a high mortality. 

To throw further light on this matter, cows have been kept for 
periods of several years on rations containing different quantities 
of calcium, while the calcium intake in the food and the output in 
the milk and calves were determined. At the ends of the periods 
the cows were slaughtered and the calcium and phosphorus content 
of their bones and of their entire bodies was determined. Further, 
the quality of the hay fed and its vitamin A content were roughly 
controlled. 

The results have shown that after several months on rations low 
in calcium cows may readily utilize about 50 per cent of the intake. 
The total loss of calcium from the body probably does not often 
exceed 20 per cent of that originally present. Finally, the nutri- 
tive disasters which have been observed on rations low in calcium 
are due to the low vitamin A content of such rations, rather than 
to their low calcium content. 


NUTRITIONAL CATARACT IN RATS 


By HELEN 8. MITCHELL ann WARREN M. DODGE 


(From the Nutrition Laboratory, Battle Creek College, and the Eye Depart- 
ment, Battle Creek Sanitarium, Battle Creek) 


Mature or markedly advanced cataracts have occurred in forty 
rats fed a synthetic ration in which 70 per cent lactose was the 
sole carbohydrate. Adequate vitamin supplements and otherwise 
normal appearance of the animals make a deficiency improbable. 

Ophthalmoscopic observations disclose stages of cataractous 
changes typical of senile cataract. Cortical opacities may develop 
under the lens capsule and progress until the entire lens becomes 
opaque. A zone of diffraction around the periphery of the lens 
nucleus may increase in width and density until completely 
opaque. More frequently these two changes occur almost 
simultaneously. The disintegration of the lens nucleus shown 
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microscopically is typical of cataract. The cornea, sclera, ciliary 
body, and retina appear normal. 

Lactose is less likely to raise blood sugar than the other carbo- 
hydrates used as controls. Lactose is known to increase the 
absorption of calcium from the intestines. Human cataractous 
lenses contain more calcium, sodium, and chlorine and less potas- 
sium and phosphorus than normal lenses. Suggested hypotheses 
are an increased absorption of calcium and other minerals beyond 
the ability of the rat to assimilate them, a change in permeability 
of the capsule membrane, or an increase in diffusible calcium in 
the blood. 

Evidence is presented that rats may be peculiarly susceptible to 
cataract. These findings should thus be considered of experi- 
mental significance only. The quantities of lactose used for 
human consumption would never approach the proportions used 
in the experimental rations. The results therefore cannot be 
interpreted as applying to the human, nor should they discourage 
the use of lactose where it has valuable therapeutic properties. 


THE DISSOCIATION CONSTANT OF CRESOL RED IN SEA WATER 


By PHILIP H. MITCHELL anp IVON R. TAYLOR 
(From the Biological Laboratory of Brown University, Providence) 


Modern improvements in the colorimetric measurement of pH, 
especially by the use of certain bicolorimeters, have made possible a 
degree of accuracy of pH determination distinctly greater than 
that of available information regarding the dissociation of’ the 
indicators employed. The changes of the latter with temperature, 
total ionic concentration, specific ion effects, etc., therefore need 
reinvestigation. As a beginning of this task the pK values of 
o-cresol red in sea water of varying salinity and temperature have 
been determined by the use of the glass electrode and the Hastings 
bicolorimeter. The results furnish data more extended and 
seemingly more accurate than the values hitherto available for 
this indicator. The method is suitable for similar measurements 
on pH indicators in general and under widely varying conditions. 
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THE BASIC EXTRACTIVES OF PECTEN MUSCLE 


By ELINOR MOORE anv D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 

The HgSO, (and alcohol) precipitate from a protein- and gly- 
cogen-free scallop muscle extract yielded a silver-baryta fraction 
from which was isolated a compound having the following prop- 
erties. 

It is precipitated by alcohol and mercuric sulfate in acid, silver, 
and baryta above pH 7.2, phosphotungstic acid, and silver and 
NH; (soluble in excess NH;). It does not form a readily crystal- 
lizable flavianate, sulfate, chloride, or gold salt. 

The Free Compound (or Carbonate)—From aqueous alcohol, 
radiating clusters of colorless needles having no water of crystalliza- 
tion. Moderately soluble in cold water, more soluble in hot 
water, insoluble in alcohol and ether. Decomposition point 
261-264° (corrected). [a]?® = about +20°in water. Sulfur and 
phosphorus absent. Biuret, ninhydrin, diazo, Hopkins-Cole, 
xanthoproteic, Wurster, and Jaffe reactions negative; Sakaguchi 
reaction positive. Urea isolated after boiling with barium hydrox- 
ide. No amino nitrogen (Van Slyke) before or after boiling with 
4m HCl. Liver arginase forms no urea. 

Picrate—Pointed yellow needles with no water of crystallization. 
Difficultly soluble in cold water. Decomposition point 224-226° 
(corrected). Analysis: C, 38.08 per cent; H, 4.51 per cent; N, 
19.53 per cent; picric acid, 48.2 per cent. 

The substance may be identical with octopine, of undetermined 
structure, discovered by Morizawa (1927) in octopus muscle. 
The analysis of our picrate is similar to that of octopine picrate 
and corresponds closely to the formula C,HisN,O,-CsH;N;0; 
proposed by Morizawa. However, a solution of octopine in water 
was reported to be strongly alkaline, whereas our preparation 
yields a neutral solution. 


‘ 
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THE SEQUENCE AND EXTENT OF TISSUE CHANGES PRODUCED BY 
VIOSTEROL AND PARATHYROID EXTRACT 


By AGNES FAY MORGAN ano ZDENKA SAMISCH 


(From the Laboratory of Household Science, University of California, 
Berkeley) 


Two groups of young rats placed at 28 days of age upon a diet of 
normal Ca and P content were given viosterol in doses of 3 D and 
1500 D respectively. After 14, 28, 42, and 56 days three to eight 
members of each group were killed and the serum, bones, heart, 
lungs, and kidneys analyzed for water, ash, calcium, and phos- 
phorus. In addition, during the last 12 days of the experiment 
several animals in each group were given 3000 D and 5000 D 
viosterol and others were given injections totaling 40 to 200 units 
of parathyroid extract. 

An immediate increase was seen in the serum calcium and in- 
organic phosphorus of the rats given 1500 D but the lowering in 
ash and rise in water content of femora, as well as in the ash of 
kidneys, occurred only after 28 to 42 days. The groups given 
3000 D and 5000 D during the last 12 days showed decreased ash of 
femora, a condition not so marked in the parathyroid-treated 
animals. The kidney ash of the latter group, however, was 
markedly increased over that of the former, although the rise in 
serum calcium caused by the parathyroid extract was less than 
that due to the excess viosterol. Although the qualitative effects 
of excess viosterol and the parathyroid hormone are similar, the 
quantitative changes are different, viosterol effecting a greater 
amount of bone solution and parathyroid extract more calcification 
of the soft tissues, particularly the kidneys. 


ACIDOSIS AS A FACTOR OF FATIGUE IN DOGS 
By MINERVA MORSE, FREDERIC W. SCHLUTZ, anv 
A. BAIRD HASTINGS 
(From the Lasker Foundation for Medical Research and the Departments of 
Pediatrics and Medicine of the University of Chicago, Chicago) 


Observations have been made to determine the effect of an 
experimental alkalosis or acidosis on the onset of fatigue in dogs. 
The dogs were exercised to exhaustion either on an inclined tread- 
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mill or by swimming at 38°. Alkalosis was produced by giving 
NaHCO; and acidosis by NH,Cl prior to the exercise. The 
serum pH, bicarbonate, lactate, and sugar were determined. 

The results show certain tendencies. (1) The amount of 
exercise tolerated and the changes in fixed acids of the serum were 
essentially the same in both types of exercises. (2) The ingestion 
of NaHCO; tended to bring about an earlier onset of fatigue than 
was observed in control experiments. NH,Cl had the opposite 
effect. (3) At exhaustion, the lactate concentration was higher 
in the alkalosis experiment and was lower in the acidosis experi- 
ment than in the normal dogs. (4) Since the onset of exhaustion 
occurred sooner, even when the bicarbonate concentration of the 
serum was maintained at or above normal level by giving NaHCO;, 
and was considerably delayed when the serum bicarbonate was 
reduced by the ingestion of NH,Cl, it would seem that the acidosis 
accompanying physical exercise is not to be regarded as a causal 
factor of fatigue in dogs. 


SOME CHEMICAL PROPERTIES OF VITAMIN E 


By H. 8S. OLCOTT 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


In continuation of work toward the isolation and identification 
of vitamin E,” the following observations have been made. The 
inactive product obtained by mild bromination of vitamin E 
concentrates can be reactivated by boiling with Zn dust and HCl 
in methanol solution. Vitamin E was not destroyed by the 
catalytic hydrogenation of concentrates at 200° and 200 atmos- 
pheres pressure,” but the concentrates, after such treatment, were 
still unsaturated, as indicated by iodine number determinations. 
An active concentrate of vitamin E has been prepared from crude 
cottonseed oil. An absorption band with a maximum at 2940 
Angstrom units has been detected in the most active fraction. 


1® Olcott, H. S., and Mattill, H. A., J. Biol. Chem., 104, 423 (1934). 
20 We are indebted to Professor H. Adkins of the University of Wisconsin 


for carrying out the hydrogenation. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 105, NO. 2 
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CHANGES IN CELLS AND PIGMENT IN THE BLOOD AFTER 
REALIMENTATION OF RATS ON A LOW SALT RATION 


By JAMES M. ORTEN* ann ARTHUR H. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


Young rats were maintained on a ration deficient in inorganic 
salts for a period of 8 weeks and then realimented either with com- 
plete Osborne and Mendel salt mixture or with calcium carbonate 
or gluconate. One series in each of these two groups was given 
the basal (low salt) diet ad libitum, whereas the other series was 
limited to a daily allowance equal to that ingested by the animals 
during the final 3 or 4 weeks of the preliminary low salt period. 
Body weight, erythrocyte, hemoglobin, and reticulocyte deter- 
minations were made at regular intervals. 

Animals realimented with the complete salt mixture and allowed 
an unrestricted amount of basal diet showed a prompt increase 
in body weight, a decrease in erythrocytes together with an 
increase in hemoglobin to normal values, and a variable, transient 
reticulosis. Rats given the complete salt mixture and a restricted 
daily allowance of basal diet showed similar blood changes but 
grew only slightly. These data indicate that an inorganic defi- 
ciency rather than partial inanition is responsible for the poly- 
cythemia and accompanying anemia observed in rats on a low 
salt ration. 

In contrast to the pronounced changes induced by the complete 
salt mixture, calcium alone promoted only a moderate weight 
increase, a smaller decrease in erythrocytes, and only a slight rise 
in hemoglobin. There occurred a slight, transient reticulosis 
which may have been evoked by an increase in total blood volume 
correlated with growth. This question may be answered by a 
current experiment on rats given calcium and a restricted allow- 
ance of basal diet. 


* National Research Council Fellow in Medicine, 1933-34. 
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THE EFFECT ON THE TOXICITY OF EGG WHITE OF DIGESTION 
WITH PAPAIN 


By HELEN T. PARSONS, PEARL JANSSEN, anp 
FLORENCE SCHOENLEBER 


(From the Department of Home Economics, University of Wisconsin, Madison) 


Inasmuch as detoxication of egg white was readily accomplished 
by incubation with acid alone in concentration suitable for peptic 
digestion, the possibility that the toxic factor in egg white is 
protein in nature could not be tested by means of pepsin. Papain 
was therefore utilized because of its activity at a more favorable 
pH. 

A fermented egg white was again employed in the present experi- 
ment because of its comparative resistance to detoxication, and 
was prepared for digestion by heating at 80° for 5 minutes. The 
resulting coagulum was toxic but the filtrable liquid was not. 
Partial digestion with papain for a 4 to 7 day period appeared not 
to decrease the toxicity appreciably but to concentrate it in the 
filtrable digest rather than in the remaining undigested coagulum. 
An attempt to secure more thorough digestion by prolonging the 
incubation period to 14 days was unsatisfactory since it resulted 
in a detoxication of the control samples of egg white without 


papain. 


THE MICRODETERMINATION OF ETHEREAL SULFATE IN BLOOD 
SERUM 


By MARSCHELLE H. POWER, E. G. WAKEFIELD, anv 
RUTH D. PETERSON 
(From the Section of Clinical Metabolism and the Division of Medicine, 
The Mayo Clinic and The Mayo Foundation, Rochester, Minnesota) 


Previous investigators have failed to detect ethereal sulfates in 
serum, owing to inadequate methods, whereas others have reported 
the presence of relatively large amounts. In the present method 
the inorganic sulfate in trichloroacetic acid filtrates is isolated as 
the benzidine salt, essentially according to Hubbard’s procedure. 
Another portion of filtrate is hydrolyzed by heating in boiling 
water. After cooling, the loss in acidity, due to decomposition of 
part of the acid, is made up by addition of the requisite amount of 
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concentrated trichloroacetic acid, the volume adjusted, and the 
sulfate, now inorganic plus ethereal, again precipitated with 
benzidine. 

In earlier experiments the precipitates were quantitatively 
oxidized with potassium dichromate. We have found, however, 
that oxidizable impurities present in the benzidine precipitate as 
obtained in the inorganic sulfate determination may not come 
down to so great an extent after acid hydrolysis, so that low or 
even negative values for the ethereal fraction may be encountered, . 
particularly in the case of normal human serum. This difficulty 
is largely circumvented by resort to direct titration of the benzidine 
precipitates with sodium hydroxide. For this purpose an ordinary 
5 ml. microburette with a Shohl needle tip is used, 0.001 N sodium 
hydroxide for the normal serum sulfate ranges, and phenol red as 
indicator. Contrary to data in the literature, the ethereal sulfate 
fraction in both normal and pathologic human sera as well as in 
various animal sera, is not usually greater than 5 to 10 per cent of 
the total sulfate. 


DETERMINATION OF THE ACIDS OF PLANT TISSUE 
IV. A NEW METHOD FOR THE DETERMINATION OF MALIC ACID* 


By GEORGE W. PUCHER, HUBERT BRADFORD VICKERY, anv 
ALFRED J. WAKEMAN 


(From the Biochemical Laboratory of the Connecticut Agricultural Experi- 
ment Station, New Haven) 


Malic acid, present either as the optically active or dl compound, 
yields a substance that is volatile with steam when oxidized in 
dilute sulfuric acid solution at 20—-23° by potassium permanganate 
in the presence of potassium bromide. This oxidation product 
reacts with dinitrophenylhydrazine to form an insoluble derivative 
which, after filtration, can be dissolved in pyridine. When the 
pyridine solution is made alkaline with sodium hydroxide, a blue 
color, suitable for spectrophotometric measurement, is developed. 

As a preliminary step to the determination, it is essential to 
isolate the malic acid, together with the other acids, by extraction 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington. 
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of the tissue, or tissue extract, with ether according to the pro- 
cedure described by Pucher, Vickery, and Wakeman.*' The 
absence of carbohydrates and of certain amino acids which 
interfere is thereby assured. Citric acid, which commonly ac- 
companies malic acid, is converted into pentabromoacetone under 
the conditions of oxidation described. The pentabromoacetone is 
removed from the reaction mixture by extraction with petroleum 
ether, and may then be determined as described by Pucher, 
Vickery, and Leavenworth.” Other ether-soluble acids such as 
lactic, pyruvic, oxalic, fumaric, tartaric, maleic, and nitric do not 
yield compounds with dinitrophenylhydrazine under the experi- 
mental conditions employed. 

Quantities of the order of from 0.10 to 2.5 mg. of malice acid 
added to tobacco leaf tissue, blood, urine, or to muscle extracts 
have been quantitatively recovered. Furthermore, both aspara- 
gine and aspartic acid, after deamination, may be quantitatively 
evaluated in terms of malic acid. 


THE RELATIONSHIP OF URIC ACID EXCRETION TO KETOSIS, 
LACTIC ACID METABOLISM, AND AROMATIC ACIDS 


By ARMAND J. QUICK 
(From the Department of Surgery of the Fifth Avenue Hospital, New York) 


Uric acid excretion is depressed by ketosis, lactic acid, and aro- 
matic acids; but stimulated by antiketogenic substances, notably 
pyruvic acid. This suggests that uric acid for its excretion re- 
quires antiketogenic material, and that the depressing action of 
acetoacetic acid and lactic acid may probably be accounted for 
by assuming that these acids exhaust the antiketogenic supply, 
while aromatic acids interfere with the mechanism through which 
the antiketonic substance stimulates uric acid elimination. One 
may postulate as a working hypothesis the following reactions 
occurring in the liver: 


21 Pucher, G. W., Vickery, H. B., and Wakeman, A. J., Ind. and Eng. 
Chem., Anal. Ed., (1934) in press. 

22 Pucher, G. W., Vickery, H. B., and Leavenworth, C. S., Ind. and Eng. 
Chem., Anal. Ed., (1934) in press. 
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+ lactic acid — glycogen 
+ acetoacetic acid — (glycogen?) 
Antiketogenic substance 
(pyruvic acid?) + uric acid — (uric acid-carbohydrate?) 
+ benzoic acid — conjugated glucuronic 


phenylacetic acid acids 


The depressing action of lactic acid given orally on uric acid 
output is best explained by assuming that lactic acid itself is not 
antiketogenic, but in its resynthesis to glucose may itself require 
antiketogenic material, which perhaps explains the development 
of ketosis frequently following excess lactic acid production. The 
decrease in uric acid excretion during exercise observed by others 
has been corroborated, and it was found that excess ingestion of 
sodium bicarbonate likewise depressed the output. The excess 
production of lactic acid in these conditions is a probable explana- 
tion for the depressed excretion. By recognizing lactic acid as a 
factor in uric acid retention, various conditions of uricacidemia 
attributed to kidney dysfunction may need reinterpretation. 


THIO SUGARS 


By ALBERT L. RAYMOND anp P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


The thio methyl pentose which occurs as a nucleoside in yeast 
has not been extensively studied because of the scarcity of the 
material. An attempt has therefore been made to prepare syn- 
thetic thio sugars, with the immediate object of studying their 
properties, and the hope, ultimately, of synthesizing the natural 
sugar. The methods that have been evolved for this purpose, and 
the products which have been prepared are presented. 


HISTOCHEMICAL ANALYSIS OF PLANT TISSUES FOR IRON AND 
ZINC BY A COMBINATION MICROINCINERATION AND 
MICROANALYSIS 


By HOWARD 8S. REED ann JEAN DUFRENOY 


(From the Laboratory of Plant Physiology, Citrus Experiment Station, 
Riverside, California) 


The distribution of certain elements may be investigated by 
microchemical methods employing incinerated sections (spondo- 
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grams) on microscope slides. The ash preserved sufficiently the 
histological and cytological features of the tissues to afford definite 
information concerning the distribution of iron or zinc in cytoplasm 
nuclei, plastids, and cell walls of plant tissues. 

We fixed plant material in a 1:1 mixture of formalin and 95 per 
cent alcohol; it was then dehydrated, embedded in paraffin, and 
cut in sections 6 microns thick. The sections were then attached to 
glass slides and, when dry, incinerated in an electric furnace. The 
temperature of the furnace was gradually raised to 500° within 3 
hours and maintained below 600° for 2 or 3 hours longer. After 
the heat was cut off, the furnace was not opened until the slides 
were cool. The ash adheres to the slide so well that it can be 
mounted in balsam or treated with reagents without destroying 
the histological patterns. With dark-field illumination, details 
may be studied under high magnification, and compared with sec- 
tions of tissues stained with dyes. 

Iron has been identified on the surface of plastids by the Prussian 
blue test. Zinc has been identified by a modification of the Brad- 
ley test which utilizes sodium nitroprusside to form zine nitro- 
prusside which was precipitated in situ as faintly brownish grains 
or disks catenulated into botryoidal masses. Zinc was abundant 
in the meristem of buds and leaf primordia, in palisade-cells of 
leaves taken from trees to which zine sulfate was applied. 


THE NATURE OF BLOOD STEROL. EVIDENCE OBTAINED BY A 
STUDY OF THE LIEBERMANN-BURCHARD REACTION 


By JOHN G. REINHOLD 


(From the Biochemical Laboratory of the Philadelphia General Hospital and 
the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


The Liebermann-Burchard reaction of pure cholesterol in chloro- 
form solution does not proceed as rapidly as it does in chloroform 
extracts of human blood plasma. The differences in the reaction 
curves suggested the presence of cholesterol in some other form, 
perhaps as anisomer. Cholesterylpalmitate (prepared by heating 
cholesterol with palmitic acid) likewise differed from cholesterol 
in its action with the acetic anhydride-sulfuric acid reagents. This 
is contrary to the accepted view. Equivalent quantities of the 
ester developed color more rapidly and yielded approximately 20 
per cent more color than cholesterol. The reaction curve closely 
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resembled similar curves observed in chloroform extracts of plasma. 
After heating with 25 per cent potassium hydroxide, the sterol of 
the plasma behaved in all respects like cholesterol. These observa- 
tions indicate that saponification should precede colorimetry when 
the Liebermann-Burchard reaction is used for cholesterol de- 
terminations. 

The occurrence of coprosterol in feces suggested that allo- 
cholesterol might exist in blood as a precursor. Allocholesterol 
also developed color more rapidly and with a greater final intensity 
than did cholesterol. While the reaction curves of chloroform 
extracts of many specimens of plasma were compatible with the 
existence of allocholesterol along with cholesterol, negative chloral 
hydrate and trichloroacetic acid tests indicated that allocholes- 
terol, if present, existed only in low concentration. 


THE EFFECT OF THE INGESTION OF GALACTOSE UPON THE 
RESPIRATORY QUOTIENT OF NORMAL AND 
DEPANCREATIZED DOGS 


By JOSEPH H. ROE, ALFRED GILMAN, anp GEORGE R. COWGILL 


(From the Department of Biochemistry, George Washington University 
Medical School, Washington, and the Departments of Pharmacology 
and Physiological Chemistry, Yale University, New Haven) 


Respiratory quotients of normal and depancreatized dogs foi- 
lowing the ingestion of galactose have been determined by the 
direct and the indirect methods. When galactose in doses of 2 
gm. per kilo of body weight is administered by mouth to a fasting 
normal dog, there is very little change in the respiratory quotient. 
Following the ingestion of galactose in doses of 5 gm. per kilo of 
body weight there is an elevation of the respiratory quotient that 
is characteristic of carbohydrate oxidation. With large doses the 
response is delayed, however, there being but little elevation of the 
quotient the Ist hour after ingestion. Following the administra- 
tion of galactose to depancreatized dogs there is no significant 
increase in the respiratory quotient with either small or large 
doses. These results seem to indicate that galactose per se is 
not oxidized in the dog, and that its normal metabolism is conver- 
sion to an intermediate (glycogen), which may break down to 
glucose, thus making available oxidizable material in the tissues, 
a plethora of which is produced when a large amount of galactose 
is ingested. 
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A METHOD FOR DETERMINING IRON IN BIOLOGICAL MATERIALS 


By ANTON R. ROSE, WILLIAM G. EXTON, anno C. BLACKER 


(From the Laboratory of The Prudential Insurance Company of America, 
Newark) 


The literature gives a choice of methods for determining iron in 
biological materials by wet combustion, by separating the iron 
as Fe(OH), dissolving it in concentrated HCl, then diluting it 
with n KCNS, and measuring the color of the resulting Fe(CNS)s. 
The new procedure eliminates isolating the iron and stabilizes 
and intensifies the color, which is measured rapidly and accurately 
by photoelectric scopometry without the time and trouble neces- 
sary for simultaneous standards. 

The mixture of H,SO, and HCI1O, previously recommended by 
one of us is very efficient in the first step. As the Fe(CNS); 
color is affected by the reaction of the solution and especially by 
the presence of dibasic and polybasic acids, the digested sample is 
therefore neutralized so as to block the action of the SO, ion. 
Ba(OH), seems the logical alkali for this purpose, but BaSO, binds 
the Fe(CNS);, making extraction incomplete. We use Ca(OH). 
because CaSO, does not have this effect. 

Fe(CNS); is very soluble in immiscible organic solvents, and 
can be completely separated from digestion residues by shaking 
with 3 equivolume portions of such solvents. As extractors the 
esters are preferable to the alcohols, especially amyl or butyl 
acetate saturated with KCNS. The color density of the Fe(CNS); 
in these solvents is more than double that in water, and permanent 
under usual conditions. 


FURTHER EXPERIMENTS UPON A NEW DIETARY ESSENTIAL 
PRESENT IN PROTEINS 


By WILLIAM C. ROSE 
(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana) 


Evidence has been presented by us previously” for the existence 
in proteins of a hitherto unknown growth essential. 


23 Rose, W. C., Ellis, R. H., Windus, W., and Catherwood, F. L., J. Biol. 
Chem., 92, Ixvi (1931). Rose, W. C., J. Biol. Chem., 94, 155 (1931-32). 
Ellis, R. H., and Rose, W. C., J. Biol. Chem., 94, 167 (1931-32). Windus, 
W., Catherwood, F. L., and Rose, W. C., J. Biol. Chem., 94, 173 (1931-32). 
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Since then, we have continued attempts to concentrate the sub- 
stance, with a view to its isolation and identification. By means 
of the Town copper salts method of protein fractionation, and of 
other procedures, the growth essential is found to be associated 
invariably with the monoaminomonocarboxylic acids. 

During the past year, blood proteins were observed to be much 
more abundant sources of the unknown substance than is casein 
which was formerly employed. Fractions of fibrin have been 
secured which in 1 per cent concentration induce excellent growth 
when added to diets carrying mixtures of the known amino acids. 

Many properties of the substance have been discovered, and 
considerable information obtained concerning its chemical nature. 
The compound is unquestionably an amino acid. Apparently, it 
is relatively simple in structure. Work on purification of the 
substance is in progress. 


THE FATE OF THE ANTIRACHITIC FACTOR IN THE CHICKEN 


III. THE DISTRIBUTION OF THE FACTOR FROM COD LIVER OIL 
AND FROM IRRADIATED ERGOSTEROL IN CERTAIN 
TISSUES OF THE CHICKEN 


By WALTER C. RUSSELL, M. W. TAYLOR, anv D. E. WILCOX 


(From the Department of Agricultural Biochemistry, New Jersey Agricultural 
Experiment Station, New Brunswick) 


At 8 and at 17 to 22 weeks of age the livers of chickens which had 
received an amount of irradiated ergosterol which was inadequate 
as a protection against leg weakness, contained more of the anti- 
rachitie factor than those of individuals which had received an 
adequate amount of cod liver oil. In cockerels 17 to 22 weeks of 
age, which had received an inadequate amount of irradiated ergo- 
sterol and in those which were adequately protected by cod liver 
oil, the antirachitic potency of the whole blood and of the plasma 
was found to be essentially the same for each group. The red 
blood corpuscles and the spleens of both groups were devoid of the 
factor. Ether extracts of the large bones of the wings and legs of 
the two groups contained the same amounts of the factor. The 
eggs from pullets which received 1 per cent cod liver oil contained 
less than 6 rat units of the factor per yolk, whereas those from the 
groups which received irradiated ergosterol equivalent to 24 per 
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cent and 96 per cent cod liver oil contained, respectively, 22 and 
88 rat units per yolk. The results demonstrate that the failure 
of irradiated ergosterol to equal cod liver oil in promoting bone 
formation in the chicken is not associated with any failure of the 
factor in ergosterol to enter certain tissues of the body. 


PRELIMINARY REPORT ON THE INFLUENCE OF THYROXINE 
INJECTIONS ON THE LIPID CONTENT OF BLOOD AND 
TISSUES 


By L. H. SCHMIDT anv H. A. BRADFORD 


(From the Christ Hospital Research Foundation, and the Department of 
Biochemistry, University of Cincinnati, Cincinnati) 


The amounts of phospholipid, sterol, and neutral fat present in 
certain organs of a given animal are generally constant. This is 
sometimes interpreted to indicate that these constituents are 
only structural portions of protoplasm. On the other hand, studies 
of lipid unsaturation indicate that phospholipids of liver and 
intestinal mucosa participate in fat absorption and deposition. 
These latter studies have not demonstrated appreciable variations 
in amounts of tissue lipids. 

Thyroxine injections are known to affect the level of blood lipids. 
This investigation concerns the effects of thyroxine on the amounts 
of lipids found in certain tissues. Intravenous administration of 
crystalline thyroxine to female rabbits gave the following results. 
The total lipids (total fatty acids and cholesterol) of whole blood 
increased 20 to 80 per cent above the normal control level; whole 
blood phospholipids were slightly lower than in the controls; the 
average total liver lipids decreased 40 per cent below the control 
average, owing to decreases in the liver phospholipids; the average 
total lipids of skeletal muscle increased 28 per cent over the con- 
trol average; there was no change in the muscle phospholipids, the 
increase being due to increases in either neutral fat or cholesterol. 

These data indicate that the amount of liver phospholipid is 
decreased when the metabolic rate is increased by thyroxine 
injections. 
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THE SIGNIFICANCE OF CETYL ALCOHOL IN THE ORGANISM* 


By RUDOLF SCHOENHEIMER 
(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 

Considerable amounts of cetyl alcohol have been isolated from 
mammalian feces with the aid of high vacuum distillation. It has 
been found that this substance does not come from the food but 
is secreted through the intestinal mucosa into the lumen, just as is 
the case with cholesterol. This is shown by the finding that cetyl 
alcohol is present in meconium, in sterile cysts of the large and 
small intestine, and in the feces of bile fistula dogs which had 
received a fat-free diet. As Macht™ has stated that cetyl alcohol 
is a strong purgative, it is possible that this substance is an endo- 


genous purgative. 


STUDIES ON THE OXIDATION OF URACIL IN VITRO 


By CLAUDE R. SCHWOB anp LEOPOLD R. CERECEDO 
(From the Department of Chemistry, Fordham University, New York) 


Metabolic studies on the dog indicate that uracil is partly broken 


down as follows: uracil — isobarbituric acid — isodialuric acid — 
oxaluric acid — urea and oxalic acid. 

Experiments have been conducted to determine whether the 
oxidation of uracil in vitro would take place through the same inter- 
mediate stages. The following results have been obtained. 
Uracil could not be oxidized by air or oxygen in the presence of 
charcoal. Hydrogen peroxide attacks uracil to a slight extent in 
the cold and to a greater extent at boiling temperature, but no 
definite products, except traces of urea, were isolated. Hydrogen 
peroxide, in the presence of charcoal, oxidizes uracil to isobar- 
biturie acid, isodialuric acid, oxalic acid, and urea. Isobarbituric 
acid and isodialurie acid are oxidized under the same conditions 
to urea and oxalic acid. 

Although other workers have found oxaluric acid to be an oxida- 
tion product of uracil in vitro, we were not able to isolate this 


* This investigation has been made possible by the assistance of the 
Josiah Macy, Jr., Foundation. 
** Macht, D. I., Proc. Soc. Exp. Biol. and Med., 30, 1272 (1932-33). 
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compound. It would seem that under the conditions of our ex- 
periments oxaluric acid is quickly hydrolyzed to urea and oxalic 
acid. 


FURTHER STUDIES ON THE NUTRITIVE VALUE OF ALCOHOL- 
EXTRACTED ANIMAL TISSUES AND THE SUPPLEMENTS 
REQUIRED FOR GROWTH AND LACTATION* 


By WALTER H. SEEGERS anp H. A. MATTILL 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


In order to reveal more clearly the nutritive value of beef heart, 
kidney, round, and liver, these tissues, after hot alcohol extraction, 
were incorporated at a 15 per cent protein level in a ration ade- 
quate in the recognized factors necessary for normal nutrition. A 
simultaneous study of the whole dried tissues, at the same level 
of protein intake, revealed that rats fed the whole tissue made 
better gains than those on the respective extracted tissues. In 
those groups receiving the extracted material the most rapid 
growth was on kidney, and the poorest on liver, while round and 
heart gave intermediate growth. 

Lactation was studied by the method of Kozlowska, McCay, 
and Maynard,” with the following basal ration: alcohol-extracted 
liver 18.7 per cent, hydrogenated cottonseed oil (Crisco) 15 per 
cent, corn-starch 49.8 per cent, yeast 10 per cent, salt mixture” 4.5 
per cent, and agar 2 per cent, supplemented daily with 0.5 gm. of 
yeast and 0.5 ec. of cod liver oil. 

The growth of nurslings of mothers on this ration was unsatis- 
factory and mortality was high. When the mothers were given in 
addition 3 gm. of raw or 0.9 gm. of dried liver daily the growth rate 
of the young was increased and mortality was low. An extract 
of autolyzed liver and an alcoholic extract of powdered skim milk 
were less effective in improving the ration. A carefully prepared 
alcohol extract of dried liver apparently supplied the deficiency. 


*This research was supported in part by the National Live Stock and 
Meat Board through the Committee on Grants of the National Research 
Council. 

2° Kozlowska, M., McCay, C. M., and Maynard, L. A., J. Nutrition, 6, 
61 (1932). 

°° Hawk, P. B., and Oser, B. L., Science, 74, 369 (1931). 
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THE OXYGEN TENSION AND OXYGEN CONSUMPTION OF URINE 


By JULIUS SENDROY, Jr. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


Values for O, tension in urine have been reported in the litera- 
ture, ranging from 14 to 101 mm. of Hg. 

By the analysis of large samples (15 ec.) as voided, and after 
saturation with oxygen, the author has attempted to determine 
the O, tension of human urine. Values for O, tension have been 
found varying from 3 to 70 mm., corresponding to an oxygen con- 
tent of 0.009 to 0.20 volume per cent. Most normal samples 
were at a tension of about 45 mm. 

It seems that such measurements can have but little physio- 
logical significance, since urine, either in vivo (in the bladder) or 
in vitro, tends to become anaerobic. There is an appreciable 
spontaneous consumption of oxygen at room temperature of about 
0.1 to 0.2 volume per cent per hour in normal urine saturated with 
OQ». This consumption proceeds at a slightly diminished rate in 
voided urine. There is an accompanying production of CO.. In 
most cases the ratio +ACO,/—AQO, will be about 0.9, although 
results have been obtained down to the value of 0.2. 

The O, consumption is partially diminished by preliminary heat- 
ing, by the addition of HgCl, and almost completely ceases at 
0°; it is increased by addition of NaOH, K;Fe(CN)., and KCN. 

The nature of the reaction is unknown, although the behavior 
of urine and its reduction of 2,6-dichlorophenolindophenol suggest 
the presence of ascorbic acid.” With a change in technique, fur- 
ther experiments will be carried on to determine the nature of the 
reaction and the substances involved. 


THE INFLUENCE OF EQUIVALENT-VALENCE CHANGE ON THE 
VELOCITY OF AQUEOUS OXIDATION-REDUCTION REACTIONS 


By PHILIP A. SHAFFER 
(From the Labcratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 
A major factor which determines whether dynamically possible 
reactions of this class are very rapid or very slow is the correspond- 


27 van Eekelen, M., Emmerie, A., Josephy, B., and Wolff, L. K., Nature, 
182, 317 (1932). 


Society of Biological Chemists Ixxix 


ence of the valence change of oxidant and reductant.% Study ofa 
variety of ionic and some non-ionic oxidation reactions appears 
to show that, with but few exceptions, the two valence changes are 
equal in rapid reactions and unequal in slow ones. Many very 
slow ionic reactions are catalyzed by substances which can act as 
mediators of the “oddness”’ of valence change. It is believed that 
the equivalence change principle is rather generally applicable to 
aqueous oxidation-reduction reactions, and perhaps explains both 
the necessity for and the mechanism of one type of catalysis in bio- 
logical oxidations. 


THE EFFECT OF PROTEIN ON THE SWELLING OF NORMAL AND 
TUMOR CELLS IN VITRO 


By M. J. SHEAR 


(From the Office of Cancer Investigations, United States Public Health 
Service, Harvard Medical School, Boston) 


Upon immersion in solution, cells of various normal mouse tis- 
sues as well as cells of various types of tumors increased in volume. 
The cells became distended, forming bulges of clear fluid, and the 
bulges often separated from the cells to form globules. This 
occurred in hypertonic as well as in hypotonic and isotonic solutions. 

Variation of the concentration, in inorganic serum solutions, 
of each of the anions and cations of serum was without effect on 
the swelling. Variation of the content of glucose, urea, etc., was 
likewise without effect. The pH was varied within wide limits 
without any pronounced effect on the swelling. 

However, when the solution contained protein, a retarding influ- 
ence was obtained: fewer cells swelled, and the rate of swelling 
was diminished. With high protein concentration, the swelling was 
inhibited. 

The swelling which occurred in salt solutions could be reversed 
by the action of protein. Reversal was obtained by replacing the 
salt solution by a similar protein-containing solution; the enor- 
mously swollen cells were seen to shrink steadily until the bulges 
disappeared. 

The opposition to cellular swelling which protein exerts is appar- 
ently not a mechanical one, for swelling occurred in agar solutions 


28 Shaffer, P. A., J. Am. Chem. Soc., 65, 2169 (1933). 
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which were far more viscous than the protein solutions in which 
swelling did not occur. The results are provisionally accounted 
for on the basis of imbibition: when the oncotic pressure of the 
solution is low, the cell takes up water and increases in size; when 
the oncotic pressure of the solution is sufficiently high, this swelling 
is prevented. 


THE SECOND STAGE OF BROMINE OXIDATION OF 
CARBOHYDRATES 


By FAY SHEPPARD anp MARK R. EVERETT 


(From the Department of Biochemistry and Pharmacology, University of 
Oklahoma Medical School, Oklahoma City) 


Aldoses, in dilute solution at 25°, are oxidized by bromine to 
monocarboxylic acids and their lactones. With aldomethylpen- 
toses there follows a rapid, secondary formation of new reducing 
substances. We have found this secondary oxidation to be a 
general reaction of aldoses, aldopolysaccharides, and sugar acids, 
which begins within 48 hours, but usually progresses more slowly 
than with the methylpentoses. The effects of temperature, con- 
centration of sugar, accumulation of acid, and addition of inorganic 
carbonates have been investigated. In concentrated sugar solu- 
tions both stages of bromine oxidation are inhibited by the increas- 
ing hydrobromic acid. The presence of sufficient inorganic car- 
bonate accelerates both reactions tremendously and allows even. 
more complicated oxidation. In the presence of excess barium 
carbonate, at 20°, dilute solutions of glucose and mannose are 
oxidized so rapidly that the new, non-fermentable reducing mate- 
rials appear within 5 minutes. 

The reducing products formed by bromine are to be regarded as 
monoketuronic acids and their lactones. They may be separated 
as barium salts and have characteristic Sumner / Folin-Wu ratios. 
Many reduce analytical reagents at room temperature. We have 
also prepared them by bromine oxidation of the corresponding 
monocarboxylic acids and their lactones. Different products 
result from the oxidation of dicarboxylic acids. The polysac- 
charide products are mixtures of keturonic acids of higher oligo- 
saccharides, as shown by the Sumner/Folin-Wu ratios and frac- 
tionation with alcohol. We are engaged in isolating the series 
of keto acids and determining their structure. 
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THE ACID-BASE BALANCE IN THE SERUM OF RATS, WITH 
PARTICULAR REFERENCE TO THE EFFECTS PRODUCED 
BY A DIET LOW IN INORGANIC CONSTITUENTS 


By PAUL K. SMITH ann ARTHUR H. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


It is known that a diet low in salts produces an immediate cessa- 
tion of growth in young rats and that such rats produce large 
amounts of ammonia to conserve fixed base. The present study 
was undertaken to determine whether these mechanisms sufficed 
to maintain normal physicochemical conditions in the circulating 
fluids. 

Three groups of animals were employed: Group I given a low 
salt diet, ad libitum; Group II, the same number of calories from an 
adequate ration; Group III, unlimited amounts of adequate food. 
The diet of Group I furnished 0.32 milli-equivalent of base per 
day and approximately 0.87 milli-equivalent of potential acid. 
Serum was analyzed for total solids, total base, chloride, bicar- 
bonate, protein, inorganic phosphate, and pH. 

In general the serum of the ratg’on a low salt diet resembled more 
closely that of their calorie controls (Group II) than that of the 
normal group (No. III). The values for total base, chloride, and 
bicarbonate were very similar in all groups. The total solids and 
serum proteins of Group III tended to be somewhat higher than 
in either of the other groups. The rats on low salts were clearly 
distinguished from both other groups in having a distinctly higher 
content of inorganic phosphate, lower body temperature, and 
somewhat lower serum pH, due perhaps to mild anoxemia. 

In spite of these differences the results indicate that the rat is 
able to maintain an approximately normal internal environment 
on a diet extremely poor in fixed base largely by (1) cessation of 
growth and (2) conservation of fixed base by ammonia production. 


THE CONVERSION PRODUCTS OF STARCH AND OF GLYCOGEN IN 
ENZYMIC AND ACID HYDROLYSIS 
By MICHAEL SOMOGYI 
(From the Laboratory of the Jewish Hospital of St. Louis, St. Louis) 


According to the generally accepted view the final conversion 
product of starch and of glycogen in diastatic hydrolysis is maltose. 
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On the path of depolymerization, before reaching the maltose 
stage, starch yields a series of dextrins, of which the achroodextrin 
and maltodextrin are held to be reducing substances. Samec in 
1919 even asserted that all dextrins, inclusive of the group which 
gives blue coloration with iodine, possess reducing capacity. 
Experimental evidence, obtained in this laboratory, proves that, 
first, none of the dextrins is endowed with reducing capacity; 
second, that a sugar anhydride and a non-fermentable disac- 
charide (isomaltose) are normal intermediate products in the en- 
zymic hydrolysis; third, that the reduction exhibited by dextrins 
is due to the admixture of the non-fermentable disaccharide; fourth, 
that glucose is a normal product of diastatic hydrolysis. Thus 
the reaction proceeds along the following pathway: starch (or 
glycogen) — dextrins — sugar anhydride — isomaltose — glucose. 
We also offer experimental evidence to the effect that acid hy- 
drolysis of the two polysaccharides progresses along the same line 
and yields the same intermediary products as enzymic hydrolysis. 


THE EFFECT OF PARATYPHOID INFECTION AND HIGH AND LOW 
CHOLESTEROL DIETS ON TISSUE CHOLESTEROL IN RATS* 


By WARREN M. SPERRY anp V. A. STOYANOFF 


(From the Chemical Laboratory, Babies Hospital, and the Department of 
Biological Chemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


Free and combined cholesterol have been determined in various 
tissues of rats after inoculation with Salmonella danysz. Half of 
the rats had been fed for several months after weaning on a prac- 
tically cholesterol-free diet; the other half had received the same 
diet with 1 or 2 per cent cholesterol added. The data have been 
analyzed statistically according to the survival time following 
inoculation. The results indicate (1) that the combined choles- 
terol of the liver decreased significantly as the infection progressed, 
both in rats which had and which had not received cholesterol 
(except for two small series of cholesterol-fed rats); and (2) that 
the free cholesterol of the entire rat carcass (except liver and 
intestinal tract) increased significantly in both groups of rats. 


* This investigation was supported in part by the Josiah Macy, Jr., 
Foundation. 
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The combined cholesterol of the carcass also tended to increase. 
No significant effect of the infection on the free cholesterol of liver 
or on either the free or combined cholesterol of kidney and lung 
was evident. 

The cholesterol-fed rats showed a very large increase in the com- 
bined and a small, but significant, increase in the free cholesterol of 
the liver over rats which received no cholesterol. There was a 
definite tendency toward higher free and combined cholesterol in 
the carcass, lungs, and kidneys of cholesterol-fed rats as com- 
pared with rats receiving no cholesterol. 


SPECTRAL ABSORPTION OF PURIFIED TUBERCULIN 


By MONA SPIEGEL-ADOLF ann FLORENCE B. SEIBERT 


(From the Department of Colloid Chemistry, D. J. McCarthy Foundation, 
Temple University School of Medicine, and the Henry Phipps 
Institute, University of Pennsylvania, Philadelphia) 

Spectral absorption in ultra-violet light of purified tuberculin 
preparations was studied. In the case of human type tubercle 
bacillus six different fractions were available, so that a possible 
influence of heating, culture medium, and disinfectants would be 
excluded. Preparations from bovine and avian tubercle bacilli 
as well as products made similarly from the non-pathogenic acid- 
fast bacilli, timothy, butyricum, and smegma, and purified protein, 
proteoses, thymonucleic acid, and a cyclic amino acid served as 
controls. The solutions were uniform as to their concentration 
and alkali content. The spectrograms showed selective absorption 
in all the preparations made from the three strains of tubercle 
bacilli, with the maximum at 265 mu. A close correspondence 
between the intensity of selective absorption and tuberculin po- 
tency could be observed not only in the case of the three different 
tubercle bacilli strains but also in different fractions from the same 
strain (human). The preparations made from the three non- 
pathogenic strains of bacilli failed to show this special absorption 
band. Treatment through which the tuberculin potency was 
diminished or destroyed, as by heating with alkali or irradiation 
with ultra-violet light, has a corresponding annihilating effect upon 
the specific absorption band. The selective absorption of the puri- 
fied tuberculin is different from the one observed in proteins or 
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their known cleavage products, although the absorption spectrum 
of phenol may suggest a close relationship between a derivative 
of the latter and the active principle. On the other hand, the 
likeness of the absorption spectrum of thymonucleie acid and tu- 
berculin is very striking. Chemical investigations are under way. 


THE RETENTION OF CALCIUM FROM EARLY INFANCY TO 
ADOLESCENCE 


By GENEVIEVE STEARNS 


(From the Department of Pediatrics, College of Medicine, State University 
of Towa, Towa City) 


The results of a series of studies of the retention of calcium by 
infants and children given varying quantities of milk have been 
summarized. The diets, other than milk, were as closely com- 
parable as possible over so wide an age range. Infants and young 
children were given additional vitamin D. To avoid the effects 
of possible previous deprivation of calcium, each child was given 
the experimental diet until the calcium retention remained approxi- 
mately constant for two successive periods. ‘The data include 347 
balance studies of 66 infants and children from 7 weeks to 12 years 
of age. To these were added thirty-six comparable studies from 
the literature. 

For any given intake of milk studied, the total daily retention 
of calcium by infants was as great or greater than the retention of 
the older children. The lowest total retention for each intake 
level was observed at from 3 to 5 years of age. 

The retention per kilo per day was highest in early infancy, 
decreased rapidly during infancy, and more slowly throughout 
early childhood. Although the amount of calcium retained by the 
individual child increased with increasing intake, the curves of 
intake and retention per kilo versus age exhibited no parallelism. 
In contrast to the differing slopes of the per kilo intake and reten- 
tion curves, all of the curves of daily retention per kilo during 
growth paralleled very closely the curve of yearly increment of 
growth in height. 
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STUDIES ON CYSTINURIC URINE 


By JAKOB A. STEKOL 
(From the Department of Chemistry, Fordham University, New York) 


Urine from a cystinuric has been studied, with an attempt to 
identify the agent or agents which are responsible for the high 
neutral sulfur fraction, the high undetermined nitrogen, and the 
NaCN-nitroprusside reaction of the urine. From a copper pre- 
cipitate obtained from the urine, two substances were isolated. 
One was highly soluble in water, insoluble in ethyl alcohol. On 
prolonged standing, the aqueous solution deposited a substance 
which was identified as cystine. The water-soluble compound 
readily recrystallizes from water-alcohol in small needles; it has 
10.55 per cent N and 8.60 per cent 8. It gives an intense NaCN- 
nitroprusside reaction, and a positive biuret test. 

The second substance was isolated as a picrate. It crystallized 
from water in long needles. Freed from picric acid, it gave all 
the tests for an amine with 34.15 per cent N. It was free from 
sulfur. 

Pending the identification of the structures of the two sub- 
stances, it is assumed that the water-soluble compound is at least 
a tripeptide, possibly glutathione, and the second one is, in all 
probability, putrescine. 


COMPARATIVE STUDIES ON THE METABOLISM OF ADULT AND 
GROWING DOGS. DETOXICATION PROCESSES 


By JAKOB A. STEKOL anp LEOPOLD R. CERECEDO 
(From the Department of Chemistry, Fordham University, New York) 


After feeding phenylacetic acid to adult and growing dogs we 
find an increased urinary output of total nitrogen, urea, total, 
inorganic, and neutral sulfur, indicating a breakdown of tissue. 
The toxic effects are more pronounced in the adult than in the 
growing dog. 

Benzoic acid also produces toxic effects. However, in contrast 
to phenylacetic acid, it causes a drop in the urea output and does 
not affect the neutral sulfur. This applies to both adult and 
growing dogs. In the case of benzoic acid we find also that the 
toxicity is more marked in the adult dog. 
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Phenylpropionic acid was found to be less toxic than benzoic 
acid. Otherwise, the effects on metabolism are the same as those 
of benzoic acid. 

Previous work had shown that isobarbituric acid, when fed to 
adult and growing dogs, is partly excreted as ethereal sulfate. Iso- 
barbituric acid and benzoic acid, when fed together, cause a marked 
diminution of the ethereal sulfate output in both the adult and the 
growing dog. Such an effect is not observed if a mixture of iso- 
barbituric acid and phenylacetic acid is fed. 


THE ACTIVITY COEFFICIENT OF THALLOUS CHLORIDE IN 
PROTEIN SYSTEMS 


By GILBERT C. H. STONE ann CRAWFORD F. FAILEY 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


The effect of protein solutions on the solubility of an inorganic 
salt has been studied, and the change in solubility correlated with 
the ionic strength as calculated under certain assumptions. 

The proteins investigated were egg albumin, edestin, excelsin, 
and hemoglobin (all crystalline and electrolyte-free). The saturat- 
ing salt was thallous chloride. By determining the solubility of 
the salt in pure water and also in protein solution, the activity 
coefficient was calculated from the equation —log ys = log 
(1/m°.) — log (1/m4). 

The negative logarithm of the activity coefficient showed no 
regular relationship to the concentration of the protein solutions 
(gm. per kilo of water). When the ionic strengths were calculated 
on the basis of the molecular weights as determined by Svedberg, 
and their square roots plotted against —log v4, a straight line 
relationship was disclosed. According to the Debye-Hiickel 
limiting law, —log ys = 0.5 ~/u, the slope of the curves should be 
0.5. The lines did not have this slope, nor were the curves for all 
the proteins of identical slope. 

However, when a molecular weight of 11,400 was assumed for 
all of the proteins, and the resulting values of +/u plotted against 
—log y,, all points fell on the same straight line of slope 0.5. 
This would indicate that sodium proteinates behave like typical 
electrolytes. Good accordance with the Debye limiting law is 
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observed up to “‘ionie strengths” of 0.18 and apparent valences of 
15. 

The value 11,400 is almost exactly one-third of that suggested 
by Svedberg as the molecular weight of the protein unit. 


ACTIVITY COEFFICIENTS AND RATES OF REACTION IN SYSTEMS 
CONTAINING IONS, ZWITTER IONS, AND UNCHARGED 
MOLECULES 


By DANELLA STRAUP-COPE anp EDWIN J. COHN 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


Three effects of amino acids upon ions and uncharged molecules 
may be distinguished. They (a) exert non-electrical forces which 
increase with the molal volume, (6) electrostatic forces which 
superficially resemble those of salts, but fall off more rapidly with 
distance, and (c) increase the dielectric constant of solutions by an 
amount per mole which increases with the distance separating the 
positive from the negative charge. The effects of amino acids 
upon activity coefficients are interpretable in these terms. 

The velocity constant of the reaction between sodium thiosul- 
fate and uncharged ethyl or methyl iodide molecules is diminished 
but little by increase in salt concentration. Glycine also slightly 
diminishes the rate, whereas alcohol greatly increases it. Solu- 
tions of a-amino acids of 0.4 M in 20 per cent and of 0.62 m in 30 
per cent alcohol have dielectric constants near that of water. The 
influence of glycine in diminishing the velocity constant in alcoholic 
solutions is, however, but half that expected, were the effect 
dependent entirely upon the dielectric constant. 

The reaction between two salts, sodium thiosulfate and sodium 
bromoacetate, is influenced in the reverse sense. It is very 
sensitive to ionic strength. Whereas alcohol slightly diminishes 
the velocity constant, urea, as well as salts and amino acids, 
increases it. Moreover, glycine increases the rate more in alcoholic 
solution than in water, perhaps because of the greater electro- 
static forces in solutions of lower dielectric constant. 
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A RAPID MICROCHEMICAL METHOD FOR THE DETECTION OF 
LEAD IN BIOLOGICAL AND OTHER ORGANIC MATERIAL 
WITH N, N’-DIPHENYLFORMAZYL MERCAPTAN AND 
N, N’-DIPHENYLDIHYDROFORMAZYL MERCAPTAN 


By HIRSH W. SULKOWITCH 
(From the Massachusetts General Hospital, Boston) 


N,N’-Diphenylformazyl mercaptan (diphenylthiocarbazone, 
“dithizone”) and N,N’-diphenyldihydroformazyl mercaptan 
(diphenylthiocarbohydrazide, “gravemetallum’’) are derivatives of 
phenylhydrazine and thiourea. The reagents employed for the 
microchemical detection of the heavy and noble metals consist of 
highly dilute solutions of N , N’-diphenylformazyl mercaptan and 
N,N’-diphenyldihydroformazyl mercaptan in an organic solvent. 
The reagents are bright green and undergo color change when 
shaken with neutral or alkaline solutions of the univalent and 
divalent heavy or noble metals. The colors range from red to 
violet throughout the spectrum, depending on the metal present. 

The microchemical detection of lead is carried out in a wet 
way. To eliminate adsorption phenomena and _ interference 
of divalent iron, it is converted into a complex trivalent citrate. 
Complex cyanides are formed of the heavy and noble metals with a 
valence 1 and 2 with the exception of lead. The reagent when 
shaken with the solution turns red in the presence of lead. The 
reaction is specific for lead and is sensitive to 1 part in 10 million 
of lead with 10 ec. of solution. The presence of organic matter 
does not interfere with the test except in the instance of albumin 
and globulin. When the latter are present in sufficient amounts 
to reduce the sensitivity of the detection of lead, the material 
must be ashed before proceeding with the determination. 

The test is particularly useful where only small quantities of 
material are available, such as the urine of children and animals 
and in blood and spinal fluid. The entire determination may be 
carried out in 15 minutes. 


Society of Biological Chemists Ixxxix 


URINARY STUDIES IN A CASE OF PROGRESSIVE MUSCULAR 
DYSTROPHY 


By M. X. SULLIVAN anp W. C. HESS 


(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 

The patient, a boy 7 years old, had a marked lordosis and an 
altered method of walking. He arose from a bending position 
only by “crawling up” his legs. The urine showed low creatinine 
and high creatine, as measured by accepted methods. No great 
variation from normal was found in ergothioneine-like material 
or in apparent and true sulfocyanate. The urine gave a positive 
Sakaguchi reaction. It contained no albumin. On glycine 
administration the apparent creatine excretion increased for the 
Ist week and then decreased. No marked improvement was 
noted in the patient’s condition after 2 weeks treatment with 
glycine. With and without glycine administration the Sakaguchi 
reaction was positive. The case is being further studied as a 
possible case of intoxication by guanidine derivatives. 


NERVE DEGENERATION IN THE ALBINO RAT (MUS NORVEGICUS 
ALBINUS) ASSOCIATED WITH VITAMIN A AVITAMINOSIS. 
THE USE OF THE POLARIZING MICROSCOPE IN DIAGNOSING 
DEGENERATIVE CHANGES IN THE MYELIN SHEATH 


By T. 8S. SUTTON anv H. E. SETTERFIELD 


(From the Departments of Animal Husbandry and Anatomy, The Ohio State 
University, Columbus) 


W. E. KRAUSS 


(From the Laboratory of Dairy Nutrition, Ohio Agricultural Experiment 
Station, Wooster) 


A study of the causes of nervous symptoms in rats on a vitamin 
A-deficient diet, exemplified by incoordinated action in the rear 
limbs, progressing to partial paralysis of the limb or limbs, with 
frequent total loss of the ability to use the digits, is reported. 
Degenerative changes of the myelin sheath of femoral and sciatic 
nerves occur at about the same time as xerophthalmia and cessa- 
tion of growth. The degeneration progresses when the vitamin 
A-deficient diet is continued without a vitamin A supplement or is 
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inadequately supplemented. Degeneration is extensive before 
external symptoms are apparent. 

The substitution of an isotropic material for the normal aniso- 
tropic myelin makes possible the use of the polarizing microscope in 
diagnosing the changes in formalin-fixed, frozen sections. 

The degeneration can be prevented by supplementing the defi- 
cient diet with ly of carotene daily. The administration of 
adequate dosages of butter fat, carotene, or cod liver oil arrests 
the symptoms, but once the degeneration has progressed to the 
point where atrophy of the muscle occurs, the administration of 
large dosages of the above vitamin A supplements brings about no 
improvement other than in the general strength of the animal. 


THE RECIPROCAL DIGESTION OF PEPSIN AND TRYPSIN 


By HENRY TAUBER anv ISRAEL 8S. KLEINER 


(From the Department of Physiology and Physiological Chemistry of the 
New York Homeopathic Medical College and Flower Hospital, 
New York) 


The question as to whether an enzyme is a protein or not may 
be approached by studying its digestibility by proteolytic enzymes. 
Thus we have shown that urease,” maltase,** and rennin*' are 
digested, whereas emulsin is not.” The digestibility of the more 
powerful proteases, however, presents certain difficulties. We 
have found that both pepsin and trypsin may be digested by each 
other if the proper hydrogen ion concentrations are maintained. 
For instance, at pH 2 there is a complete digestion of trypsin by 
pepsin, leaving the latter enzyme unchanged. This can be achieved 
in a relatively short time. At this pH trypsin is inactive but is not 
destroyed. If, however, the pH is 5.5, which does not permit peptic 
activity but does not inactivate pepsin, the pepsin is almost 
completely digested by trypsin. 

2? Tauber, H., and Kleiner, I. 8., J. Gen. Physiol., 16, 155 (1931). 

® Tauber, H., and Kleiner, I. 8., J. Gen. Physiol., 16, 767 (1933). 

3! Tauber, H., and Kleiner, I. 8., J. Biol. Chem., 104, 259 (1934). 

® Tauber, H., J. Biol. Chem., 99, 257 (1932-33). 
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THE SPECIFICITY OF a-GLUCOSIDASES 


By HENRY TAUBER anv ISRAEL 8S. KLEINER 


(From the Department of Physiology and Physiological Chemistry of the 
New York Homeopathic Medical College and Flower Hospital, 
New York) 


In previous communications we,* as well as others,“ have shown 
that Weidenhagen® is incorrect in his view that any maltase 
should hydrolyze maltose, sucrose, and all a-glucosides. Maltases 
do not split sucrose and not all of them hydrolyze a-methy!l- 
glucosides. Recently Weidenhagen® has stated that he uses as 
substrate a-phenylglucoside which is more easily hydrolyzed than 
a-methylglucoside, and which he claims is attacked by maltase. 

The fruit of Solanum indicum was used in these experiments. 
This plant grows wild in Siam and was cultivated for us in Porto 
Rico through the courtesy of Dr. T. B. McClelland. The dried, 
ground fruits were defatted with ether, the enzyme extracted with 
33 per cent ethyl alcohol, and precipitated out with 95 per cent 
alcohol. This enzyme does not hydrolyze a-methylglucoside but 
slowly splits a-phenylglucoside as well as another a-glucoside 
isolated from the same fruit. It readily attacks maltose. These 
activities, therefore, harmonize somewhat with Weidenhagen’s 
theory, but since this new enzyme, and other maltases, do not 
attack a-methylglucoside, we propose to divide maltases into two 
groups. The first, or true a-glucosidases, acts on all a-glucosides 
and upon maltose; the second, or pseudo-a-glucosidases, acts 
readily on maltose, only very slowly on certain a-glucosides, and 
not at all on others. 

Besides the maltase, or pseudo-a-glucosidase, present in this 
fruit we have found a sucrase, a melibiase, a trypsin-like protease, 
and the a-glucoside. The optimum reactions for the enzymes are: 
maltase, pH 5.5; sucrase, pH 6.0; and melibiase, pH 5.5. Raffinose 


33 Kleiner, I. S., and Tauber, H., J. Biol. Chem., 99, 241 (1932-33). Tau- 
ber, H., and Kleiner, I. 8., J. Gen. Physiol., 16, 767 (1933). 

% Karstroem, H., Biochem. Z., 231, 399 (1930). Myrback, K., Z. physiol. 
Chem., 198, 196 (1931); 205, 248 (1932). Pringsheim, H., Boschard, H., and 
Loew, F., Z. physiol. Chem., 202, 23 (1931). Virtanen, A. I., Biochem. Z., 
235, 490 (1931). 

36 Weidenhagen, R., Ergebn. Enzymforsch., 1, 168 (1932). 

36 Weidenhagen, R., Z. physiol. Chem., 216, 255 (1933). 
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is hydrolyzed most rapidly at pH 6.5, probably by the combined 
action of melibiase and sucrase. 


STUDIES ON THE HYDROLYSIS OF WOOL AND THE ISOLATION OF 
CYSTINE FROM HYDROLYSATES 


By GERRIT TOENNIES ann MARY A. BENNETT 
(From the Research Institute of the Lankenau Hospital, Philadelphia) 


The present work, occasioned by the recognized difficulty of 
isolating cystine in good yield from protein hydrolysates, showed 
that on hydrolysis of wool with 14 n H,SO, little destruction of 
cystine takes place, while humin formation is less than in the case 

. of HCl hydrolysis. At the point of disappearance of the biuret 
test only 50 per cent of the total cystine was liberated, while 
100 per cent of the disulfide present responded to the cyanide- 
nitroprusside test. By saturation of neutralized hydrolysates 
with Na,SO, a large humin fraction is coagulated, while cystine 
stays in solution. Of the keratin amino acids forming insoluble 
cupric salts, cystine is the only one precipitable as phosphotung- 
state from acid solution. Since even the most soluble one of the 
cystine stereoisomers may be completely precipitated by this 
reagent, as is shown in a separate report, the possibility of com- 
plete isolation of cystine on this basis was apparent. Instead of 
by the usual method of boiling with CuO or CuCOs;, copper 
cystinate may be conveniently precipitated, completely and un- 
changed, by neutralization of the acid solution in the presence of 
CuSO,. From the hydrolysates, diluted after preceding satura- 
tion with Na,SO,, cystine was practically completely precipitated 
in this manner. Although in the early stages of hydrolysis up 
to 80 per cent of the free cystine was actually isolated by the com- 
bination of Cu salt and phosphotungstate precipitations, toward 
the end of hydrolysis more unsatisfactory yields resulted, owing 
to interference in the phosphotungstate stage of certain humin 
fractions carried down in the Cu precipitate. 
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THE PRECIPITATION OF /-, di-, AND m-CYSTINE BY PHOSPHO- 
12-TUNGSTIC ACID 


By GERRIT TOENNIES ann MARGARET ELLIOTT 
(From the Research Institute of the Lankenau Hospital, Philadelphia) 


Definite data are lacking regarding the optimal ratio of the 
components in the precipitation of cystine by phosphotungstic 
acid from acid solution, and phosphotungstic acid compounds of 
optically inactive cystine are thought to be too soluble for com- 
plete precipitation. A systematic study of this question, desirable 
in connection with work on complete isolation of cystine from 
protein hydrolysates, has shown that the solubilities are governed 
by definite mass action equilibria between cystine and phos- 
photungstie acid. 

Minimum solubilities of cystine found and the corresponding 
equilibrium concentrations of phosphotungstic acid at 0° in 1 N 
HC are as follows: 0.0005 m and 0.02 m for mesocystine, 0.000015 
m and 0.04 for dl-cystine, and less than 0.000015 m and 0.015 m 
for /-cystine, showing practically complete precipitability even for 
mesocystine. Assuming the composition of the precipitate to be 
3 cystine + 2 phosphotungstic acid” a straight line with the 
slope 2:3, in accordance with the mass action equilibrium [cystine |* 
X [phosphotungstic acid}? = constant, is obtained in the case of 
mesocystine when the logarithms of the phosphotungstic acid 
concentrations are plotted against the logarithms of the equilib- 
rium concentrations of cystine. In the cases of /- and dl-cystine 
similar plotting shows different slopes, suggesting differences in 
the composition of the phosphotungstic acid compounds of the 
stereoisomers. Preliminary analyses of precipitates, showing 
various component ratios between the limits of 2:3 and 1:1, seem 
to confirm this view. 


37 Drummond, J. C., Biochem. J., 12, 5 (1918). 
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THE DISPOSAL OF BROMINATED AND PHENYLATED FATTY ACIDS 
IN THE ANIMAL BODY 


By JOHN T. TRIPP anp RALPH C. CORLEY 
(From the Division of Biochemistry, Department of Chemistry, Purdue 
University, Lafayette) 

Are fatty acids burned by successive 8 oxidations only or do 
other mechanisms play ardle? The answer to this question, it has 
seemed to us, might be reached by a study of the degradation of 
fatty acids substituted on other than the terminal carbon atoms. 

Phenylstearic acid fed to the rat and dog is absorbed readily. It 
has not been possible, as yet, to identify any significant amounts 
of the original compound, or any conceivable derivatives, in the 
urine of these animals or of rabbits that have received the phenyl- 
ated acid intravenously. Later studies will be made with other 
phenylated fatty acids synthesized for this purpose by Dr. C. S. 
Marvel of the University of Illinois, to whom we are happy to 
acknowledge our indebtedness. 

Studies are also in progress with acids containing bromine, which 
should make derivatives easier of identification. While a number 
of observations have been recorded of the absorption and storage 
of halogenated fats and fatty acids, a review of the original proto- 
cols leaves the conviction that the earlier observations may profit- 
ably be repeated and extended, especially with compounds of 
known chemical nature. 

Tetrabromostearic acid, linoleic acid seteahannatiie added to the 
daily ration of the rat is without detectable deleterious influence 
on the health or rate of growth. Urinary excretion of inorganic 
bromides indicates a degradation of the administered fatty acid. 
The fat of the tissues contains bromine in organic combination. 


THE PRECIPITATION OF PHOSPHATIDES AND CHOLESTEROL 
FROM HUMAN SERA* 


By MARY E. TURNER 
(From the Chemical Laboratory, Babies Hospital, New York) 
The total proteins of normal and nephrotic human sera have 
been precipitated by ammonium sulfate in neutral and acid solu- 


* This investigation was supported in part by the Josiah Macy, Jr., 
Foundation. 
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tion and by the Folin-Wu procedure; the amount of phosphatides 
and free and combined cholesterol present in the protein precipi- 
tates has been determined. When the proteins were precipitated 
from neutral solution, from 32.7 to 42.7 per cent of the total phos- 
phatides of the serum was found in the protein precipitate. An 
average of over 95 per cent of the total phosphatides was carried 
down when the proteins were precipitated from an acid solution. 

On the average 96 to 97 per cent of the free and combined choles- 
terol of the serum was precipitated with the proteins by all of the 
methodsemployed. This was true even in nephrotic sera in which 
marked hypercholesterolemia and hypoproteinemia were present. 
The possibility of utilizing the Folin-Wu precipitate for the ap- 
proximate determination of total phosphatides and cholesterol of 
serum is suggested when limited amounts of serum are available. 


PARATHYROID HORMONE POTENCY AS AFFECTED BY OXIDIZING 
AND REDUCING AGENTS 


By WILBUR R. TWEEDY, W. P. BELL, anp C. VICENS-RIOS 


(From the Department of Physiological Chemistry, Loyola University School 
of Medicine, Chicago) 


Our data show that when deamination is gradually produced by 
treating the hormone preparation with various concentrations of 
isoamyl nitrite (4.8 to 14.6 per cent) in concentrated acetic acid 
(98 to 99.5 per cent) for periods of time varying from 10 minutes 
to 24 hours at 26-27°, there occurs a total loss in potency, which is 
associated with the removal of the first 35 to 40 per cent of amino 
nitrogen during an interval of 1 to 2 hours. 

It was thought that an oxidation-reduction reaction involving 
some grouping other than the amino group might be the explana- 
tion for the more rapid loss in potency as compared with loss in 
amino groups. ‘This is indicated to be the case, as we have found 
that the hormone is almost totally inactivated after contact with a 
0.7 per cent (by weight) solution of hydrogen peroxide for 1 hour. 

Parathyroid hormone recovered after treatment under various 
conditions with hydrogen sulfide, sodium sulfite, activated mag- 
nesium, and sodium amalgam appears to have retained most of its 
potency. Preliminary attempts to reactivate the hormone prepa- 
ration inactivated by hydrogen peroxide have not been successful. 
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THE OXIDATION OF THE SULFUR OF HOMOCYSTINE IN THE 
ANIMAL BODY 


By VINCENT vu VIGNEAUD anv HAROLD A. CRAFT 


(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


Since we had found that homocystine could support growth on a 
cystine-deficient diet in lieu of cystine, the oxidative fate of the 
sulfur of this compound was of interest to us. Furthermore, the 
possible relationships of this compound to the intermediary 
metabolism of methionine made such a study desirable. The 
oxidative fate of the sulfur of homocystine in the rabbit was 
therefore studied. Experiments with methionine were also 
included in the study for the sake of comparison. It was found 
that homocystine was readily oxidized. Although the percentage 
of sulfur fed which appeared as sulfate in the urine was slightly 
less after homocystine than it was after methionine, the per- 
centage of the extra total sulfur excreted which appeared as 
sulfate was practically the same for both compounds. In compari- 
son with our previous studies on the oxidation of the stereoisomers 
of cystine it appears that both the inactive homocystine and 
dl-methionine are more readily oxidized than dl-cystine or meso- 
cystine; in fact, the degree of oxidation, particularly in the case of 
dl-methionine, is closer to that obtained with J[-cystine. The 
degree of oxidation obtained with methionine in these experiments 
agreed favorably with that of previous investigations. 


PROLONGED ADMINISTRATION OF THEELIN AND THEELOL TO 
MALE AND FEMALE RATS AND THE BEARING ON 
REPRODUCTION 


By NELSON J. WADE 


(From the Laboratories of Biology and Biological Chemistry, St. Louis 
University School of Medicine, St. Louis) 


Short term experiments from various laboratories have indicated 
that estrogenic preparations retard body growth and genital 
development, recovery usually resulting with cessation of treat- 
ment. 

Long period injections were undertaken to see whether normal 
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reproductive functions would develop under the influence of 
continuous administration of pure crystalline preparations. 

Young male rats 21 to 25 days old were injected daily with 
from 0.65 to 32.57 of theelol, and 1.65 and 6.607 of theelin for 
113 to 242 days. Some retardation in body weight and weight of 
the genitalia resulted but spermatogenesis persisted and litters 
were produced in all groups from matings with normal females. 

‘Young females 23 to 27 days of age were injected daily with from 
0.65 to 32.5y of theelol for 143 to 316 days. Injected females 
produced normal young when mated with normal males. 

Some untoward effects on fertility, gestation, and lactation were 
observed. 


PROOF OF THE EXISTENCE OF A FOLLICLE-STIMULATING AND A 
LUTEINIZING HORMONE IN THE ANTERIOR LOBE OF 
THE PITUITARY BODY 


By ZONJA WALLEN-LAWRENCE 


(From the Department of Physiological Chemistry and Pharmacology, the 
University of Chicago, Chicago) 


The idea that there are two different hormones secreted by the 
anterior lobe of the pituitary body, both of which act on the 
ovaries, is not new. The two hormones were separated by chemi- 
cal means by Fevold, Hisaw, and Leonard in 1931,* but other 
experimenters have had indifferent success with their method. In 
our laboratory, and by a different method, the gonadotropic 
“hormone” in sheep pituitary glands has been fractionated into 
two fractions: one of these has a strong luteinizing effect on the 
ovary but only slight effect on uterine and vaginal development; 
the other causes striking follicular stimulation and estrogenic 
effects. Animals injected with the second fraction show not only 
normal ovaries with more than the usual number of stimulated 
follicles, but their uteri are remarkably hypertrophied, both in the 
muscularis and the mucosa; the lining epithelium consists of tall 
columnar cells with much cytoplasm and yet there is no distention 
of the uterine lumen with fluid. However, when stimulating 
doses are given, the animals are invariably in estrus at 26 days of 


38 Fevold, H. L., Hisaw, F. L., and Leonard, S. L., Am. J. Physiol., 97, 
291 (1931). 
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age. This fraction may even exert its estrogenic power without 
producing recognizable changes in the ovaries. 

An experiment, with its appropriate controls, in which a double 
injection was used has been presented which proves that these 
two fractions contain different biological entities and which rules 
out the objection which has been raised that the difference in 
effect (follicle-stimulation or luteinization) is merely a matter of 


dosage. 
ANIMAL RESPONSE TO CRYSTALLINE VITAMIN B, 


By ROBERT E. WATERMAN anp MARION AMMERMAN 


(From the Department of Physiological Chemistry, Teachers College, 
Columbia University, New York) 


Discrepancies in the behavior of the various crude vitamin B, 
addenda have occasioned the postulation of other vitamins, B; 
and B,. Since ample supplies of crystalline vitamin B, are now 
available through the work of Williams, Waterman, and Keresz- 
tesy, the authors wish to report on the physiological effect of this 
form of the vitamin. 

Injection of 5y (0.005 mg.) cured polyneuritic rats for 4 to 7 
days; larger doses up to 50y prolonged the cures. Polyneuritic 
pigeons were cured by 4y per os. 

Groups of rats depleted on a vitamin B,-free diet were fed daily 
doses of the crystals, amounting to 2, 3, 5, 10, 20, and 40y re- 
spectively. The average growth rates during 45 days were 
—1.3, 0.4, 1.0, 1.7, 2.3, and 2.8 gm. per day. The limit of bene- 
ficial increment has not yet been ascertained. 

Pigeons depleted on autoclaved wheat were given 5y daily for 
10 days, the dose being doubled at intervals until it reached 1607. 
The individual weights leveled off at 5 or 10y and increased step- 
wise with each succeeding increment of vitamin. 

The indications are that B,, if it exists, is present in the vitamin 
B, crystals, or is replaceable by massive amounts of vitamin B,. 
The vitamin B; hypothesis is still tenable. Most significant is 
the fact that the performance of rats and pigeons on the specified 
diets continues to be enhanced by increments of vitamin B,; when 
the intake is already larger than that which natural diets provide. 
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METABOLISM OF VARIOUS CARBOHYDRATES BY RATS 
MAINTAINED ON A FAT-DEFICIENT DIET 


By LAURENCE G. WESSON anp FLORENCE C. MURRELL 


(From the Department of Pharmacology, Vanderbilt University School of 
Medicine, Nashville) 


After rats have been kept on a fat-deficient diet for several 
months, they exhibit an abnormal metabolism with respect to 
dextrin, giving respiratory quotients markedly higher than do 
normally fed rats during the period of assimilation of this car- 
bohydrate. 

The present work compares the behavior of these abnormal rats 
with normal ones as regards the metabolism of the following 
naturally occurring carbohydrates: (1) sucrose, (2) maltose, (3) 
lactose, (4) d-glucose, (5) d-fructose, (6) d-galactose, (7) d-man- 
nose, (8) /-arabinose, (9) d-xylose. It was found that the sugars 
containing d-glucose (1 to 4) and d-xylose (9) gave R.g. curves 
appreciably higher in the abnormal rats than in the normal 
ones. The remaining carbohydrates (5 to 8) gave R.Q. values 
that were practically the same for both the abnormal and normal 
rats. 

It was found that the increase of the metabolic rate over the 
basal rate after feeding the various carbohydrates was less for the 
abnormal rats than for the normals in every case. 


THE EFFECT OF INOSITOL, CRYSTALLINE VITAMIN B, AND 
PANTOTHENIC ACID ON THE GROWTH OF 
DIFFERENT STRAINS OF YEAST 


By ROGER J. WILLIAMS ann DONALD H. SAUNDERS 
(From the Chemical Laboratory of Oregon State College, Corvallis) 


The different strains of so called Saccharomyces cerevisie used 
in the studies of Wildiers, Williams, Miller, and Narayanan have 
been studied. 

Inositol is found to be at least a detectable factor in the growth 
stimulation of all the yeasts investigated. Alone, it in general has 
very little effect, but in conjunction with the other substances 
mentioned it may cause a striking increase. The amounts 
necessary to produce effects are relatively large (ly to 10y per 
ec. of medium). 
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Crystalline vitamin B has very little effect on any of the yeasts 
except “old process” yeast on which the original work of the 
senior author was done and on Yeast 578, also investigated in his 
laboratory. As little as 0.0087 per cc. has a distinct effect alone 
on these yeasts, and in conjunction with pantothenic acid the 
effect of doses of this size and larger is very striking. 

A highly concentrated pantothenic acid preparation was 
found to be effective alone in doses of 0.008y per cc. upwards on 
all the yeasts investigated. This effect was in general enhanced 
more or less either by inositol or vitamin B or both. In some 
cases both the individual and supplementary effects are most 
striking. The different yeasts, in most cases, show characteristic 
responses to the different materials. 

The results are so conclusive and striking that we feel that the 
bios question is to a considerable extent answered. No single (un- 
known) substance is wholly responsible for yeast growth stimula- 
tion. The three substances studied play important réles, of which 
that of pantothenic acid is outstanding. 


CHEMICAL INVESTIGATIONS ON THE CORTICAL HORMONE OF 
THE ADRENAL GLAND 


By OSKAR WINTERSTEINER 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


anp HARRY M. VARS anp J. J. PFIFFNER 
(From the Biological Laboratory, Princeton University, Princeton) 


This joint investigation was originally aimed at the identification 
of a crystalline product invariably observed in potent preparations 
of the cortical hormone. These needle-shaped crystals have 
proved to be less active than the original preparations. By dis- 
tribution between ether and slightly acidic and alkaline media, 
products assaying 200 to 400 dog units per mg. have been secured. 
Fractionation with organic solvents has yielded products assaying 
within the above limits and containing from 2.67 to 0.21 per cent 
of N. It thus appears doubtful whether the hormone itself will 
prove to be a nitrogenous compound. All the preparations so far 
obtained possess reducing properties, equivalent to 20 to 25 per 
cent that of glucose. At least two reducing factors are present. 
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One, which represents only a minor fraction of the total reducing 
power, reduces iodine in bicarbonate solution and ammoniacal 
silver at pH 8.6, while the other is not so attacked. The Molisch 
reaction is negative, but on adding the a-naphthol, a white precipi- 
tate, which contains a part of the physiological activity, is invari- 
ably obtained. On treatment with boiling 1 N H,SO,, volatile 
aldehydes are not formed in significant amounts, nor is the reduc- 
ing value increased. Lead acetate and ammonia precipitate an 
appreciable fraction of the activity, but some inactivation also 
takes place. Benzoylation with benzoyl chloride in pyridine 
inactivates the hormone. High vacuum distillation of a highly 
potent product yielded about one-tenth of its weight of needle- 
shaped, physiologically inactive crystals. 


THE LOSSES INVOLVED IN DETERMINING CAROTENE IN HAYS 
AND IN FRESH GREEN PLANTS 


By H. G. WISEMAN, EDWARD A, KANE, ano C, A. CARY 


(From the Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture, Beltsville, Maryland) 


We have determined the losses of carotene that occur in grinding 
and storing hay samples in various ways, the efficiency of different 
methods of extracting the carotene from them, and of the Will- 
stiitter and Stoll method of separating it from other pigments. 
Grinding in a ball mill at room temperature overnight leads to 
losses of carotene sometimes as large as 47 per cent as compared 
with grinding to the finest mesh in a Wiley mill. Large losses of 
carotene occur when finely ground hay is stored exposed to air 
in a desiccator at room temperature or in an ice box, but not in 
an ice box under N. Considerably more than 90 per cent of the 
vitamin A activity of hay is removed by soaking in absolute ethyl 
alcohol and extracting six to ten times with small portions of 
petroleum ether (b.p. 30-60°). Practically none of the vitamin A 
activity is destroyed but is accounted for by the activity of the 
extract. Only 2 to 4 per cent of the carotene is lost in separating 
it from other pigments, the chlorophylls and xanthophylls being 
completely removed. With alfalfa, the absorption of the carotene 
in the visible spectrum resembles that of 8-carotene sufficiently 
closely to exclude the presence of any large proportion of the 
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a-carotene. The carotene was determined spectrophotometrically 
at X = 436 my. It was also read with a colorimeter at practically 
this wave-length, with a light filter and a mercury lamp. Deter- 
minations were made on various grades of hays and on fresh 
green alfalfa. 


PHYSICOCHEMICAL STUDIES OF THE REDUCING ACTION OF 
GLUCOSE 


By W. B. WOOD 
(From the Johns Hopkins University, School of Medicine, Baltimore) 


The potential of the cell, Pt| (Fe(CN)s, Fe(CN)s, buffer, glucose) 
(Fe(CN)., Fe(CN),, buffer) |[Pt, the two half-cells of which 
contain initially equimolecular concentrations of Fe(CN)., and 
Fe(CN),, is used to follow the rate and the extent of reduction 
by glucose. 

Rate of oxidation of glucose increases with pH and temperature 
and increases with decrease of salt content. 

Extent of oxidation is directly proportional to the concentration 
of glucose, and at 100° the potential, HZ, is determined by E = 
0.074 log (C — kS)/(C + kS), where C = initial molar concen- 
tration of ferricyanide = initial molar concentration of ferro- 
cyanide, S = molar concentration of glucose, and k = equivalents 
of ferricyanide reduced per mole of glucose. Satisfaction of this 
equation indicates that for purposes of first approximation the 
effect on E of changing activity coefficients may be neglected. 
Extent of oxidation is slightly increased with increase of ferri- 
cyanide or salt content. It declines linearly with increase of pH. 

In addition it is demonstrated that the presence of cyanide 
increases the reducing power of glucose, without affecting appre- 
ciably the reducing power of the non-glucose fraction of Folin-Wu 
blood filtrates. These results lead to the selection of optimal 
conditions, which will be treated in more detail in a subsequent 


paper. 


CORRECTION 


On page 15, Vol. 105, No. 1, April, 1934, line 5 of the experimental part, 
read 5 w H2SO, for H2SOx. 


THE BASIC AMINO ACIDS OF SERUM PROTEINS 
(OROSINS) 


IV. A CHEMICAL RELATIONSHIP BETWEEN VARIOUS AVIAN 
OROSINS. A NOTE ON SOME PROTEINS OF THE EGG 


By RICHARD J. BLOCK* 


(From the Department of Physiological Chemisiry, Yale University, 
New Haven) 


(Received for publication, March 26, 1934) 
We have recently pointed out that even when the amount and 


ratio of the serum albumin and globulin are greatly changed, the. 


proportion of the basic amino acids, yielded by hydrolysis of the 
total coagulable serum protein, is constant (1-3). This observa- 
tion has led us to suggest (3) that instead of the protein of mam- 
malian serum consisting of albumin and globulin, it is composed 
of two or more unstable coprecipitation systems (4) in mutual 
equilibrium.' However much these coprecipitation systems may 
differ among themselves in physical (6) and chemical character- 
istics, their sum always has a relatively constant basic amino acid 
“anlage.” 

In order to facilitate reference to that component of the serum 
which shows this relatively constant proportion in the basic amino 
acids, I wish to propose the term “orosin’’ (from the Greek, dpés, 
serum), to designate the total coagulable protein of the serum (7,8). 
Orosin is the tissue protein derived from blood plasma which has a 
constant basic amino acid “anlage.” Serum albumins and 
globulins are in turn derived from orosin by physicochemical 
treatment and are therefore interdependent and not, as was here- 
tofore believed, independent protein systems. 

* Standard Brands, Inc., Fellow, 1932-34. 

1“ | |, on the whole the balance of probability is against it [that serum 
is a mixture of independent proteins] and in favor of there being in serum 
some (possibly one) complex proteid which breaks down readily into frac- 
tions whose composition and properties depend upon the degree of dilution 
and the reagents used’’ (Hardy (5)). 
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While the quantity of orosin may vary among different indi- 
viduals of the same species, the yield of arginine, histidine, and 
lysine obtained per unit weight of orosin is constant both in relative 
and absolute amount in three different species of mammals. 
That is, while the amount of orosin may vary, its basic amino acid 
composition remains approximately constant. This observation 
suggested that the mammalian orosins might be classified by the 
relative proportions of these amino acids in the orosin molecular 
aggregate. The above statement does not imply that the arrange- 
ment of the basic amino acids among the individual orosins is the 
same or that the non-basic amino acids are present in the same 
relative and absolute amounts. 

The experiments to be described indicate that the molecular 
ratio of arginine to lysine in the avian orosins is constant in three 
different zoological orders of birds (hens, ducks, turkeys). How- 

-ever, this ratio is significantly different from that determined for 
the mammalian orosins (cf. 9). The evidence thus indicates that 
the orosins of various classes of vertebrates by no means always 
yield on hydrolysis the same relative proportions of the basic 
amino acids. This is in marked contrast to the results of the 
previous investigations on the molecular ratios of the basic amino 


acids yielded by the keratins. These tissue proteins, whether of 
vertebrate or invertebrate origin, showed a remarkably constant 
proportionality of their arginine, histidine, and lysine content 
(10, 11). 


EXPERIMENTAL 


Preparation and Analyses of Avian Orosins—These were ex- 
amined for the basic amino acids in the manner already described 
for the mammalian orosins (3, 11). 

Preparation of Avian Egg Proteins—Ovoglobulin was precipi- 
tated from hen’s eggs by the addition of an equal volume of 40 
per cent sodium sulfate to the egg white. The globulins were 
removed by filtration, washed with 20 per cent sodium sulfate, 
and isolated in the manner previously described (1). Ovoconal- 
bumin was obtained by heat coagulation of the protein in the filtrate 
from the precipitation of crystalline ovalbumin prepared by 
the method of Cannan (12). The ovomucoid was not studied. 
Whole egg white protein was prepared by precipitation with 5 
volumes of alcohol and was dried at 110°. 
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DISCUSSION . 


The analytical data are summarized in TablesI and II. Table I 
shows that the molecular ratios of arginine to lysine in various 
avian orosins are constant but they are unlike the mammalian 
orosins. 

When whole egg white is treated with sodium sulfate under 
certain conditions, three proteins or protein fractions can be 
obtained: ovoglobulin, crystalline ovalbumin, and non-crystalliz- 
able ovalbumin or conalbumin. These fractions yield (Table II) 
approximately the same amounts of arginine, but the more 
soluble the protein the more lysine it contains. The increasing 


TaBLe I 
Basic Amino Acids of Avian Orosins 


Molecul 
rotein |Nitrogen| Histidine’ i ratio of 
ydro- inine 
lyzed to lysine 


. | per cent 


Duck 15.4 10:11 


Average of 8 
orosins (3).............] 3.11 | 14.7 ~ : 10:18 


* Corrected for average loss of histidine incident to this method of 
determination (3, 13). 


amounts of lysine present in the egg proteins prepared by precipi- 
tation with neutral salts is a second example of this phenomenon 
which we first observed during the fractionation of cattle orosin 
(1). The fact that egg white yields a crystalline albumin, which 
“represents a nearer approach to the ideal of a homogeneous 
chemical substance than does any other protein” (14) and yet 
shows the phenomenon described above, supports our previous 
statement that the proteins obtained by the usual physicochemical 
methods are not of a constant amino acid composition but are 
artificial products produced by the reagents employed in their 
preparation (1,2). 

In discussing the immunological relationship of the egg proteins, 
Wells (15) says: 
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“By saturation tests it was shown that in crystalline egg albumin and in 
the globulin fraction of hen’s egg white, there are specific and distinct 
antigens, as well as a common antigen which cannot be separated from them 
by fractional precipitation with ammonium sulfate . . . Hektoen and Cole 
found that they could detect five distinct antigens in egg white (ovoglobulin, 
ovomucin, crystallizable ovalbumin, non-crystallizable conalbumin, and 
ovomucoid), only the conalbumin seems to be immunologically identical 
with any of the proteins of the fowl’s serum (serum albumin).” 


Such information, gained by an entirely different mode of 
investigation, supports our conclusions. The immunological 
studies, which demonstrate a common antigen in these egg pro- 
teins, suggest a definite generic relationship between the protein 


TaBLe II 
Basic Amino Acids of Egg Proteins 


Molecular 
Protein rotein |Nitrogen|Histidine|Arginine | Lysine | tio. of 
ydro- inine 
lyzed to lysine 
gm. per cent | per cent | per cent | per cent 
Ovoglobulin..............} 4.60] 14.4 1.4 5.3 4.2 10:9 
Ovalbumin (16)..........|191.4 15.8 1.5 5.6 5.0 10:11 
Ovoconalbumin..........} 2.00} 15.0 2.7 5.1 6.8 10:16 
Whole egg white.........| 2.00} 148 | 2.0 4.5 5.0 10:13 
Fowl orosin..............] 3.40] 15.3 2.0 5.6 5.0 10:11 
Livetin (17, 18)..........| 50 15.5 1.2 5.6 5.0 10:11 


fractions which can be salted out from egg white. But they also 
show by specific immunological tests that these protein fractions 
are chemically unlike, a fact proved by the changing arginine to 
lysine ratios (Table II). 

In this series of papers (1-3) we have presented evidence for the 
hypothesis that the protoplasm of a specific organism, tissue, cell 
mass, or certain derivatives thereof is composed of a labile nitrog- 
enous chemical aggregate, tissue protein, which’ yields arginine, 
histidine, and lysine in molecular ratios that are approximately 
fixed and are characteristic for that tissue as it exists in various 
classes of animals. Such labile tissue proteins are converted into 
the commonly isolated proteins by physicochemical treatment. 
Experimental evidence makes it very improbable that these 
proteins or protein fractions exist independently in the living 
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tissue, even though some of them can be obtained in a highly 
stabilized crystalline form. 

Such a hypothesis will explain the constancy of the arginine- 
lysine ratios in various mammalian orosins despite the fact that 
they show profound differences in the yields of the individual serum 
protein fractions, albumin and globulin (3, 13). It also suggests a 
fundamental chemical similarity among homologous (sera) and 
analogous (keratin) structures. Our investigations indicate that 
tissue proteins, for example orosin and keratin, are built upon an 
“anlage” of arginine, histidine, and lysine. This suggestion 
differs from earlier proposals, for example those of Kossel (19) and 
of Siegfried (20) which postulate that the characteristic proteins 
which can be isolated from natural sources contain a central 
protamine nucleus around which additional amino acid groups 
(polypeptides) are joined. Our view, on the other hand, stresses 
the primary importance of the basic amino acids in the genetic and 
embryological development of the tissue protein as it exists in proto- 
plasm. Furthermore, our hypothesis accounts for such experi- 
mental observations as the variations in the amino acid composi- 
tion of serum albumin and globulin in the same subject from day to 
day under postabsorptive (basal) conditions (21); the isolation of 


various protein entities from sera (22, 23); the changes in the 
relative amounts of crystallizable and non-crystallizable ovalbu- 
mins with the age of the eggs; the isolation of a stable crystalline 
globulin from the albumin fraction of whey (24); and the alleged 
transformation of one protein into another (25, 26). 


SUMMARY 


The name orosin (from épés, serum) is suggested as the generic 
designation for the total coagulable protein of the serum. 

The molecular ratio of arginine to lysine (10:11) in the avian 
orosins (hen, duck, turkey) is constant. However, this ratio is 
significantly different from that determined for the mammalian 
orosins (arginine:lysine, 10:18). 

When egg white is fractionated with sodium sulfate, the more 
soluble proteins yield the greater amount of lysine on acid hy- 
drolysis. This is similar to the results obtained previously by 
fractionation of mammalian orosin with neutral salts. 

The orosin of hen serum, the crystalline ovalbumin of the hen, 
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and hen livetin yield the same proportions of the basic amino 
acids on hydrolysis. 

The genesis of the tissue proteins and its possible dependence 
on an “anlage’’ of basic amino acids are discussed. 

Orosin (serum protein) is the tissue protein derived from blood 
plasma which has a constant basic amino acid “anlage.’”’ Serum 
albumins and globulins are in turn derived from orosin by physico- 
chemical treatment and are therefore interdependent and not, as 
was heretofore believed, independent protein systems. 


I am greatly indebted to Professor Lafayette B. Mendel for aid 
in the preparation of this paper. 
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V. THE PREPARATION OF A VITAMIN CONCENTRATE SUITABLE 
FOR PARENTERAL USE 


By ELMER H. STUART, RICHARD J. BLOCK,* anp 
GEORGE R. COWGILL 


(From the Lilly Research Laboratories, Indianapolis, and the Department of 
Physiological Chemistry, Yale University, New Haven) 


(Received for publication, March 26, 1934) 


The recent investigations of Peters and his collaborators (1), 
as well as of other students in the field of vitamin research (2), 
have indicated that there are more than two factors in the vitamin 
B complex. Block and Cowgill (3) have reported the separation 
of a highly purified antineuritic vitamin B, concentrate, prepared 
by extracting the vitamin from an alkaline solution by means of 
aqueous ether. However, the unstable nature of the vitamin in 
alkaline solution and the expense incurred in using the large 
amounts of solvents required for this procedure have made this 
method commercially impractical. 

We have reverted, therefore, to the older technique of adsorbing 
vitamin B (B,) both on fullers’ earth and on that particular 
modification of it known as Lloyd’s reagent. The most effective 
amount of fullers’ earth (Eimer and Amend) required to adsorb 1 
pigeon unit (3)! of vitamin B is about 25 mg. When a sample of 
the international standard vitamin B, (4) is assayed by our pro- 
cedure likewise, approximately 25 mg. of solids are required per 
pigeon unit. On the other hand, if Lloyd’s reagent (Lilly) is used 
as the adsorbent, we find that 10 mg. of reagent per pigeon unit 
results in an almost complete adsorption of the vitamin. We 
observed that the use of more than 10 mg. of Lloyd’s reagent or 25 
mg. of fullers’ earth per pigeon unit yields a less concentrated 


* Standard Brands, Inc., Fellow, 1932-34. 
11 pigeon unit equals about 2.5 international or Chick-Roscoe units and 
about 8 to 10 Sherman-Spohn rat units. 
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product. But, if less than these quantities of adsorbent are used, 
there is a loss of vitamin without any compensatory increase in 
potency of the activated reagent. 

The next step was to remove the vitamin from its adsorbent. 
Seidell and coworkers (5-7) have carried out a number of experi- 
ments on the removal of the vitamin from activated Lloyd’s re- 
agent by sodium or barium hydroxide. However, the practical 
disadvantages of these bases were apparent to Stuart in 1922. 
Therefore, elution under other conditions was attempted. The 
pumerous experiments which we carried out and which gave nega- 
tive or poor results were as follows: elution with glacial acetic 
acid, aqueous and alcoholic ammonia, liquid ammonia, ammonium 
salts, liquid sulfur dioxide, dilute acetone and acid acetone, glyco- 
cholic acid and bile in various dilutions at different hydrogen ion 
concentrations, and dilute hydrochloric acid. 

Finally Stuart discovered that vitamin B, can be removed from 
activated Lloyd’s reagent by concentrated hydrochloric acid. 
The method yields almost all the vitamin in a purified form. The 
first experiment with hydrochloric acid gave a product assaying 
5.64 per cent of nitrogen and active in a dose of 0.055 mg. of solids 
per Sherman-Spohn unit. Clinical trial (8) has shown it to be 
suitable for parenteral use. 


EXPERIMENTAL 


A brief account of the preparation of 3600 pigeon units of 
vitamin B, from rice polish or yeast will be given. 3 kilos of rice 
polish, containing about 6000 pigeon units of vitamin B,, are 
extracted with 30 liters of chloroform-saturated water. The 
supernatant fluid is filtered. The clear filtrate is adjusted to pH 
4.5 by hydrochloric acid and 50 gm. of Lloyd’s reagent are added. 
The solution is stirred intermittently for 1 day; the Lloyd’s 
reagent is allowed to settle and the supernatant liquid is discarded. 
The precipitate is centrifuged and washed with dilute acid and 
alcohol until the washings are colorless. The activated Lloyd’s 
reagent, which contains about 5000 pigeon units of vitamin B,, is 
suspended in 200 cc. of the eluting solution? and the suspension 
is stirred for 30 minutes, during which time the temperature of the 


? The eluting solution consists of 350 cc. of water, 60 cc. of concentrated 
hydrochloric acid, and 120 ec. of 95 per cent ethyl alcohol. 
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reaction is maintained between 50-60°. The precipitate is 
removed by centrifuging. The initial extraction yields about 85 
per cent of the vitamin. In each of three such experiments, using 
rice polish as the source, we obtained about 4000 pigeon units, 
containing 4.7, 4.4, and 3.5 mg. of total solid per unit. One 
experiment with bakers’ yeast gave us a product containing 10 
mg. of solids per pigeon unit. 

For further purification, the solution containing the 4000 pigeon 
units of vitamin is diluted to 225 cc., the pH is adjusted to 5.0, 
and the material is centrifuged to give a clear solution. To this 3 
gm. of Lloyd’s reagent are added. The suspension is then stirred 
intermittently for several hours, Lloyd’s reagent is allowed to 
settle, and the supernatant liquid is decanted. This process 
is repeated twice, with 1 gm. of adsorbent each time. The 
washed activated Lloyd’s reagent (1 mg. equivalent to 1 pigeon 
unit) is eluted with hydrochloric acid solution in the same manner 
as before, except that only about one-fifth the volume is used. 
The final solution contains about 3600 pigeon units of vitamin B, 
but is deficient in vitamin B, (G) (9). This concentrate is active 
in about 2 pigeon units per mg. of total solids. 


SUMMARY 


Cowgill (10) has pointed out that an inexpensive, easily pre- 
parable vitamin B (B,) solution, suitable for parenteral use in 
man, is desirable. We have succeeded in producing such a con- 
centrate by adsorption of the vitamin on a definite amount of 
Lloyd’s reagent and subsequent elution with warm alcoholic 
hydrochloric acid. 

We have described the preparation of an activated Lloyd’s 
reagent containing 0.25 international unit per mg. of solids. This 
can be further purified so as to yield an activated Lloyd’s reagent 
containing 2.5 international units per mg., and from which a 
vitamin solution can be eluted which contains about 5 international 
units per mg. of total solids. 
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CEREBRONIC ACID 
A Rep.ty To THE PAPER OF LEVENE AND YANG* 


By E. KLENK 


(From the Institute of Physiological Chemistry, University of Ttibingen, 
Tiibingen, Germany) 


(Received for publication, January 26, 1934) 


In an article appearing recently in this Journal, Levene and 
Yang criticized our conclusion (1) regarding the structure of 
cerebronic acid. They pointed out that for the fractionation of 
the products of oxidation only one distillation had been performed. 
They declared that had this fractionation been carried out more 
rigorously we would have found lignoceric acid, CosHgOe2, in 
conformity with their own reports. 

I should like to remark that the distillation was carried out with 
a Jantzen and Tiedcke apparatus (2), constructed on a new princi- 
ple, which enables an especially effective separation. Jantzen and 
Tiedcke (2) have found it most successful for the separation of the 
higher fatty acids. During the past years we have frequently 
had occasion to prove its efficiency. As, on the other hand, in 
Levene’s laboratory obviously no fractionation column whatever 
is used, it seems surprising that he should attribute the discrep- 
ancy between his results and ours to the inefficiency of our method. 

Considering the high fractionating quality of our apparatus, 
there cannot be any doubt that, as we reported, n-tricosanic acid 
is the main product of oxidation.! According to the earlier work 
of Levene and coworkers (3, 4) lignoceric acid was the only 
product of oxidation. In their more recent publications they 
have admitted finding tricosanic acid as we did, but they find 
lignoceric acid as well. In spite of most careful fractionation, we 
were not able to detect this acid. It cannot be present in any 
appreciable quantity. 

* Levene, P. A., and Yang, P. §S., J. Biol. Chem., 108, 541 (1933). 

1 The distillate consists of at least 85 per cent tricosanic acid and less 
than 15 per cent of lower acids. 
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The observations reported in Levene’s latest publications seem 
to me as unjustified as in the former (5) in which he states the 
following. 


In a recent paper Klenk (6) has emphatically refuted the accepted view 
of the structure of cerebronic acid as CHs00;. This statement seems very 
surprising in the light of the experience of these laboratories. Three 
different workers, each at a different time, have obtained lignoceric acid 
on oxidation of cerebronic acid. In the experiments reported by Levene 
and Taylor (4) the yield of lignoceric acid... was 81 per cent of the 
theory. A yield of this proportion could not be attributed to an impurity 
. .. It is hard to conceive how Klenk considers his evidence more con- 
vincing than that furnished by Levene and West and by Levene and Taylor. 
However, in view of the very emphatic assertions of Klenk, we concluded 
to repeat the oxidation of cerebronic acid under more rigorous conditions® 
than in the experiments of Levene and Taylor. Nevertheless, the main 
product of oxidation was an acid of the composition CoH 02.2 Thus we shall 
adhere to the older view of the composition of cerebronic acid. . .’”* 


Levene himself has modified this view, as mentioned above. He 
now no longer considers the oxidation product to be lignoceric acid 
alone, but a mixture of fatty acids (mainly tricosanie and ligno- 
ceric acids). I feel that if he repeated his experiments under still 
more rigorous conditions, he would reach the conclusion that no 
lignoceric acid at all is present, provided the cerebronic acid used 
for oxidation be entirely free from it. 
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2 The italics are mine. 
3 According to which cerebronic acid would be a-hydroxylignocero- 
pentacosanic acid. 


AN IMPROVED METHOD FOR THE ISOLATION OF 
CRYSTALLINE STERCOBILIN 


By C. J. WATSON 


(From the Department of Medicine, University of Minnesota Hospital, 
Minneapolis) 


(Received for publication, March 3, 1934) 


In a recent series of publications (1-4) the isolation of crystalline 
stercobilin from human feces and of crystalline urobilin from patho- 
logic human urines was described. Proof of the identity of these 
substances was presented. 

The original method for the isolation of stercobilin was lengthy, 
and the yields relatively small. A simpler and much more efficient 
process has now been worked out, and may be described as follows. 

The feces are thoroughly ground and mixed with glacial acetic 
acid in a mortar, until the consistency is semiliquid. A sufficient 
amount of ether is then added so that on mixing a clear supernatant 
fluid is obtained. This is carefully decanted and filtered into a 
large receiving flask or beaker. The ether extraction is repeated 
until the color of the extract is relatively pale. This process is 
carried out fifteen to twenty times, small amounts of glacial acetic 
acid being added after every second or third extraction. The 
ether is largely removed from this extract by vacuum distillation. 
The remaining acetic acid solution is poured into 6 to 8 volumes of 
1 per cent HCl. This is allowed to stand overnight to effect a 
more complete precipitation of the fatty acids and coprosterol. 

‘This precipitate also contains a considerable proportion of the 
substance previously named copronigrin (2), as well as any chlorin e 
(1) (one of the chlorophyll porphyrins), also a brownish green pig- 
ment with absorption at 650 mu believed to be of chlorophyll der- 
ivation (2). 

The filtrate in a 5 liter separatory funnel is covered with a 
considerable amount of pure ether. A sufficient amount of sodium 
acetate is added to make the solution negative to Congo red, and 
it is thoroughly shaken with the ether. This extraction is repeated 
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five times with smaller amounts of ether. This ether extract con- 
tains the major portion of the copromesobiliviolin (2, 4) as well as 
any porphyrins which may be present. Relatively very little 
stercobilin goes into the ether. The remaining aqueous solution 
is repeatedly extracted with small amounts of chloroform. This 
is next extracted repeatedly with distilled water. The stercobilin 
leaves the chloroform slowly, so that many water extractions are 
necessary. The aqueous solution is filtered and rather strongly 
acidified with 25 per cent HCl. It is then possible to extract the 
stercobilin as the hydrochloride from the aqueous solution with 
chloroform. This chloroform solution is dried superficially over 
anhydrous sodium sulfate, filtered, and concentrated to a small 
volume on the water bath. It is then poured into 15 to 20 volumes 
of dry petroleum ether, with a resulting almost quantitative precip- 
itation of the stercobilin hydrochloride. The latter is, for the most 
part, collected on a small folded filter paper (6 cm. in diameter), a 
small amount remaining on the walls of the flask. All of this is 
now redissolved in dry chloroform which has been warmed and the 
volume of the solution is considerably concentrated. After cooling 
and briefly rubbing the inner surfaces of the round bottomed flask, 
crystallization commences. 

The total amount of feces (920 gm.) for an 8 day period from a 
typical case of congenital hemolytic jaundice was subjected to this 
new method of fractionation with a resultant yield of 2.2 gm. of 
crystalline stercobilin hydrochloride. Of this amount, however, 
0.29 gm. was obtained by redissolving the first precipitate in ether, 
and extracting this ether with water. The water was then made 
strongly acid with 25 per cent HCl, and the stercobilin hydro- 
chloride taken into chloroform. 

On another occasion the first chloroform extracts (obtained as 
described above) from various samples of feces under investigation 
for another purpose were united and concentrated. (This amount 
of feces approximated 4 kilos.) This was subjected in the same way 
to the further fractionation described, 0.54 gm. of crystals being 
obtained at the first crystallization and an additional 0.29 gm. by 
further concentration of the mother liquor. 

So far as can be determined, this stercobilin differs in no way 
from that obtained by the original method. The crystals, after 
repeated recrystallization out of chloroform, have a light yellow 
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color which develops an orange cast on standing. As previously 
described, they are rhombic in type and exhibit parallel extinction. 
Contrary to the original impression, stercobilin is characterized by 
its ease of crystallization, particularly out of chloroform, in which 
copromesobiliviolin (responsible for the earlier difficulties in 
recrystallizing stercobilin from acetic ester (1)) is quite soluble. 
It should be noted that several recrystallizations are often neces- 
sary to remove the latter substance completely (as proved by the 
absence of any absorption in the region of 600 mu). The crystals 
are easily soluble in alcohol, moderately soluble in chloroform, 
sparingly soluble in acetic ester and water, only slightly soluble in 
ether, and insoluble in petroleum ether. They exhibit a most 
intense green fluorescence with an alcoholic zine acetate solution. 
A detailed description of their other characteristics and reactions 
is unnecessary, since they have already been described in previous 
publications. The substance does not melt sharply, decomposing 
at over 120°. The melted substance dissolved in alcohol exhibits 
a deep brown color having a greenish cast. Absorption of the 
urobilin type at 500 may is still strong; there is also weaker absorp- 
tion of the type characteristic of mesobiliviolin, maximum 590 mu. 

The free substance, which has both basic and acidic properties, 
is readily prepared in the following way. The hydrochloride is 
dissolved in a small amount of 0.1 N sodium hydroxide. This 
with an equal amount of chloroform is placed in a small separatory 
funnel, and the solution is now just acidified by the addition of a 
few drops of acetic acid. The free substance is taken into chloro- 
form by repeated extraction. The chloroform solution is dried by 
filtering through chloroform-moistened paper, and after concentra- 
tion on the water bath, crystallization takes place. The free 
substance is much less easily soluble in hot chloroform than is 
the hydrochloride. To recrystallize it, it is therefore necessary to 
extract it on the water bath under a reflux. The crystals have 
the same general appearance as those of the hydrochloride, except 
that their color is considerably more reddish. The crystals of the 
hydrochloride give a very definite Beilstein reaction for chlorine, 
whereas those of the free substance do not. 

It seems probable that the hydrochloride crystallizes with 
chloroform of crystallization, which is partially lost on standing, 
and much more completely from samples heated while drying. 
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This may well explain the definite change in color from the very 
light yellow of crystals just obtained to the yellow-orange of 
crystals which have stood for a short time in the air. Crystals 
obtained from acetic ester do not exhibit the very light color of 
those from chloroform. This may also explain the marked varia- 
tion in chlorine content of different analyses. The earliest 
samples out of acetic ester were heated during the drying in vacuo 
at 70° and a chlorine content of from 4.4 to 4.6 per cent was 
found (1). Later samples out of chloroform, heated at 70° during 
drying to constant weights, gave 6.0 and 6.3 per cent chlorine (2). 
A sample recently isolated, not heated during drying, contained 
9.25 per cent chlorine (3.877 mg. of substance gave 1.45 mg. of 


AgCl). 
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THE SYNTHESIS OF THE p-AMINOPHENOL £-GLY- 
COSIDES OF MALTOSE, LACTOSE, CELLOBIOSE, 
AND GENTIOBIOSE 


By FRANK H. BABERS anp WALTHER F. GOEBEL 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 10, 1934) 


The attempt to understand the phenomenon of type specificity 
exhibited by the polysaccharides derived from encapsulated micro- 
organisms has led to a study of the rdle which simple carbohydrates 
of known chemical structure play in orienting the antigenic 
specificity of conjugated sugar-proteins. The immunological 
specificity of complex antigens composed of protein chemically 
combined with the diazophenol glycosides of monosaccharides 
appears to be related to differences in the molecular structure of 
the hexosides, irrespective of the protein to which they are attached. 
It has been found that the diazophenol glycosides of glucose and 
galactose, when coupled with protein, incite in the animal body 
the formation of antibodies specific for the particular carbohydrate 
radical in the antigenic complex (1). Although these hexosides 
are identical in structure save for the stereochemical arrangement 
of the hydrogen and hydroxyl on the 4th carbon atom, yet this 
change in molecular structure suffices to alter completely the 
immunological specificity of each glycoside. A similar relation- 
ship has been shown to exist in antigens prepared from the a- and 
B-diazophenol glycosides of glucose (2). Thus the study of the 
serological and antigenic properties of complex antigens prepared 
by conjugating proteins with derivatives of monosaccharides has 
been of value in ascertaining the relationship between biological 
specifici y and chemical constitution of the simple carbohydrates. 

The serological specificity of the complex bacterial polysac- 
charides, on the other hand, is probably governed not alone by 
differences in molecular configuration. The possibility of varia- 
tions in intermolecular linkages and their influence in determining 
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specificity must likewise be taken into account. The attempt to 
determine the influence of both inter- and intramolecular changes 
on specificity might be made through a study of glye»side-protein 
antigens containing disaccharide radicals, the constitutions of 
which have been well established. Hence any specific differences 
in the immunological properties of these disaccharide antigens 
could be directly related to changes in chemical constitution, and a 
further insight might be gained into the problem of the chemical 
basis underlying the biological specificity of polysaccharides of 
bacterial origin. 

The p-aminophenol glycosides of maltose, lactose, cellobiose, 
and gentiobiose have therefore been synthesized. When the 
amino group of the aglucon is converted to its diazonium salt, the 
resultant derivative can be combined with protein by means of the 
chromophoric group —N=-N— to yield an artificial protein- 
disaccharide antigen. A study of the immunological characteris- 
tics of these derivatives will be presented elsewhere. The follow- 
ing is an account of the synthesis and chemical properties of these 
glycosides. 


EXPERIMENTAL 


Heptacetyl p-Nitrophenol 8-Lactoside—Heptacetyl] nitrophenol 
lactoside was prepared by the method of Glaser (3) by dissolving 
100 gm. of acetobromo lactose (4, 5) in 200 cc. of acetone and 
adding this to a solution of 39.8 gm. of p-nitrophenol and 11.58 
gm. of NaOH in 400 ce. of water and 400 cc. of acetone. After 
standing for 15 hours at room temperature, tie acetone was 
removed in vacuo. A gummy cake formed in the bottom of the 
flask. The supernatant liquid was poured off and discarded. 
The cake was washed several times with ice water and finally 
dissolved in 200 cc. of absolute methyl alcohol. On cooling, 
crystals of heptacetyl p-nitrophenol lactoside separated from the 
solution. The substance melted at 132-133° (corrected). 


— 0.97° X 100 
35.4° (in chloroform) 
Analysis—4.300 mg. substance: 7.955 mg. CO, and 2.070 mg. H,O 
CxHs902N. Calculated. C 50.71, H 5.19 
Found. ** 50.45, ‘* 5.30 
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p-Nitrophenol 8-Lactoside—The heptacetyl nitrophenol lacto- 
side was deacetylated according to the method of Isbell (6) by 
suspending 58 gm. of the glycoside in 1 liter of absolute methyl 
alcohol and adding 0.033 mole of N barium methylate in methyl 
alcohol. The mixture was shaken at room temperature until the 
crystals of glycoside dissolved. The flask was cooled and crystals 
of p-nitrophenol lactoside which separated from the solution were 
filtered from the mother liquors. 39 gm. of the deacetylated 
glycoside were recovered. 


—1.41° x 100 


2 x 0.9510 = —74.2° (in water) 


= 


Subsequent crystallizations failed to change this specific rotation. 
The compound darkens at 250° and melts with decomposition at 
258-260° (uncorrected).' 

Analysis—4.620 mg. substance: 7.883 mg. CO, 2.280 mg. H,O 


CisH2s0:3;N. Calculated. C 46.63, H 5.44 
Found. * 46.53, “ 5.52 


p-Aminophenol B-Lactoside—2 gm. of p-nitrophenol lactoside 
were dissolved in 50 cc. of warm water and 300 cc. of warm methyl 
alcohol were added. The solution was hydrogenated at 50° with 
platinum oxide as catalyst. The reduction progressed rapidly 
and was complete within 30 minutes. The catalyst was removed 
by filtration and the filtrate placed in the ice box overnight. 
1.4 gm. of erystals of p-aminophenol lactoside were removed by 
filtration and twice recrystallized from 75 per cent ethyl alcohol. 


= x 100 


Ga water) 


Analysis—4.870 mg. substance: 8.845 mg. CO, and 2.750 mg. H,O 
CisH270i,.N. Calculated. C 49.87, H 6.28 
Found. 49.53, 6.32 


The specific optical rotation did not change on subsequent crystal- 
lizations. The compound melted sharply at 233° (uncorrected) 
with decomposition. 

1 The melting points of compounds reported are all corrected for tem- 


peratures below 220°. Unfortunately, we are not in possession of a cali- 
brated thermometer for temperatures higher than this. 
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Heptacetyl p-Nitrophenol B-M altoside—Heptacety] p-nitrophenol 
maltoside was prepared by dissolving 50 gm. of acetobromo 
maltose (7, 8) in 100 ee. of acetone and adding this solution to a 
solution of 19.9 gm. of p-nitrophenol and 5.74 gm. of sodium 
hydroxide in 200 ce. of water and 200 ce. of acetone. After 
standing at room temperature for 5 hours, the acetone was removed 
in vacuo. The supernatant liquid was poured from a gum which 
settled to the bottom of the flask. This gum was washed several 
times with ice water and was finally dissolved in 100 ce. of hot 
absolute methyl alcohol. Crystals of the glycoside separated and 
were filtered from the solution. The compound was recrystal- 
lized from methyl aleohol. 11 gm. of pure heptacetyl p-nitro- 
phenol maltoside were recovered. The compound melted at 
175-176° (corrected). 


[a]? = +0.98° x 100 
1.447 x 2 
Analysis—5.185 mg. substance: 9.581 mg. CO, and 2.365 mg. H,O 


Cx:H39020N. Calculated. C 50.71, H 5.19 
Found. 50.40, 5.10 


p-Nitrophenol B-Maltoside—33 gm. of heptacetyl p-nitrophenol 
maltoside were deacetylated with barium methylate. 

The barium was quantitatively removed by precipitation with 
sulfuric acid. The alcoholic solution of p-nitrophenol maltoside 
was concentrated to a syrup in vacuo and dissolved in 100 cc. of 
95 per cent ethyl alcohol. On cooling, the glycoside crystallized 
from the solution; 17.0 gm. were recovered. After four recrystal- 
lizations from 95 per cent ethyl alcohol, the glycoside melted at 
221° (uncorrected). 

+0.35° X 100 
4 X 1.460 


= +33.8° (in chloroform) 


= +6.0° (in methyl alcohol) 


Subsequent crystallizations did not change this specific optical 
rotation. 
Analysis—4.235 mg. substance: 7.220 mg. CO, and 2.120 mg. H,O 
Ci Calculated. Cc 46.63, H 5.44 
Found. 46.50, 5.60 
p-Aminophenol B-Maltoside—10 gm. of p-nitrophenol maltoside 
were catalytically reduced in methyl alcoholic solution, as pre- 
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viously described. 7.5 gm. of p-aminophenol maltoside were 
recovered. 


+1.53° X 100 


1083 7 +35:3° (in 50 per cent methyl alcohol) 


= 


Subsequent crystallizations did not change the specific optical 
rotation. When warmed from 20° at the rate of 1° per second, the 
glycoside partly collapsed without completely melting at 40°, 
and then melted sharply at 91-92° (corrected). 


Analysis—4.300 mg. substance: 7.815 mg. CO, and 2.420 mg. H,O0 
CisH270:,N. Calculated. C 49.87, H 6.28 
Found. 49.57, 6.30 


Heptacetyl p-Nitrophenol B-Gentiobioside—11.8 gm. of aceto- 
bromo gentiobiose (9) were dissolved in 50 cc. of acetone and 
added to a solution of 4.7 gm. of p-nitrophenol and 1.36 gm. of 
NaOH in 100 ce. of water and 100 ce. of acetone. The mixture 
stood for 6 hours. The acetone was removed in vacuo, and the 
crystals of gentiobioside which separated from the solution were 
filtered and washed with water. The compound was recrystal- 
lized twice from a mixture of 30 per cent chloroform and 70 per 
cent methyl alcohol (by volume). 3.1 gm. of material were 
recovered. The compound melted sharply at 215-216° (corrected). 


—0.925° 100 


2x 0.977 = —47.35° (in chloroform) 


= 


Analysis—4.880 mg. substance: 9.100 mg. CO, and 2.270 mg. H,O 
Calculated. C 50.71, H 5.19 
Found. 50.85, 5.21 


p-Nitrophenol 8-Gentiobioside—7.6 gm. of heptacetyl p-nitro- 
phenol gentiobioside were suspended in 150 ee. of absolute methyl 
aleohol and deacetylated by the method described. 4.4 gm. of 
p-nitrophenol gentiobioside were recovered. After two recrystal- 
lizations from absolute alcohol the compound melted at 221-223° 
(uncorrected). 


—1.86° X 100 


2x0884 —105.2° (in 50 per cent methyl alcohol) 


= 
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Subsequent crystallization did not change the specific optical 
rotation. 


Analysis—4.152 mg. substance: 7.100 mg. CO, and 2.018 mg. H.O 
Ci Calculated. Cc 46.63, H 5.44 
Found. 46.65, 5.44 


p-Aminophenol 8-Gentiobioside—4.3 gm. of optically pure p- 
nitrophenol gentiobioside were reduced catalytically at 50°. 
3.3 gm. of a snow-white product were recovered from the mother 
liquor. When recrystallized from 90 per cent ethyl alcohol, the 
substance melted, with decomposition, at 237—238° (uncorrected). 


—1.46° x 100 


2x 0.914 = —79.8° (in water) 


= 


Analysis—4.755 mg. substance: 8.626 mg. CO, and 2.825 mg. H,O 
CisH270,,.N. Calculated. C 49.85, H 6.28 
Found. “© 49.51, “ 6.64 


Heptacetyl p-Nitrophenol 8-Cellobioside—Heptacetyl p-nitro- 
phenol cellobioside was prepared by adding an acetone solution of 
50 gm. of acetobromo cellobiose (8, 10) to a solution of 19.9 gm. 
of p-nitrophenol and 5.74 gm. of NaOH in 200 ce. of water and 
200 cc. of acetone. After standing 5 hours at room temperature, 
the acetone was removed in vacuo. An equal volume of cold 
water was added, and the crystals of p-nitrophenol cellobioside 
filtered and washed with water until colorless. 20 gm. of glycoside 
were recovered. ‘The compound when recrystallized from methyl 
alcohol melted at 234-235° (uncorrected). 


—1.68° x 100 


vas = —42.6° (in chloroform) 


= 


Analysis—4.737 mg. substance: 8.736 mg. CO: and 2.160 mg. H,O 
Calculated. C 50.71, H 5.19 
Found. ** 50.29, 5.10 


p-Nutrophenol B-Cellobioside—20 gm. of heptacetyl nitrophenol 
cellobioside were deacetylated by the method previously described. 
After removing the barium quantitatively with sulfuric acid, the 
supernatant liquid was concentrated in vacuo. Crystals of p- 
nitrophenol cellobioside were separated by filtration, and re- 
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peatedly recrystallized from 80 per cent ethyl alcohol. 12.5 gm. 
of glycoside were recovered. The compound darkened at 245° 
and melted with decomposition at 255-256° (uncorrected). 


—5.82° X 100 


4xX1710 —85.1° (in 40 per cent methyl alcohol) 


= 


Analysis—4.820 mg. substance: 8.245 mg. CO, and 2.340 mg. H.O 
CisH2;0:;N. Calculated. C 46.63, H 5.44 
Found. 46.66, 5.43 


p-Aminophenol 8-Cellobioside—5.0 gm. of optically pure p- 
nitrophenol cellobioside were reduced catalytically in 90 per cent 
methyl alcohol. 3.8 gm. of p-aminophenol cellobioside were 
recovered. 


—2.49° x 100 


7x 1176 ~°2-9° (in 50 per cent methyl alcohol) 


= 
Subsequent recrystallizations failed to alter the optical rotation of 
this derivative. The compound had a peculiar melting point. 
When the temperature of the bath was raised 1° per second, the 
glycoside partly collapsed at 170°, but did not melt. When the 
temperature of the bath was further raised, the substance melted - 
sharply at 245° (uncorrected) with decomposition. 

Analysis—4.731 mg. substance: 8.620 mg. CO, and 2.680 mg. H,O 


CisH270,,N. Calculated. C 49.87, H 6.28 
Found. 49.70, 6.34 


In conclusion it may be said that the glycosides described above 
are of the 8 variety. Aqueous solutions of the nitrophenol glyco- 
sides of gentiobiose, lactose, cellobiose, and maltose were treated 
with emulsin in acetate buffer at pH 4.8 and at 37°. In each 
instance a marked splitting of the glycoside by the enzyme oc- 
curred, whereas control experiments with heated enzyme, buffer at 
the same pH and glycoside of the same concentration, showed no 
liberation whatsoever of the aglucon. 


SUMMARY 


The synthesis of the p-aminophenol §-glycosides of gentiobiose, 
cellobiose, maltose, and lactose has been described. 
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METHIONINE, AND S-METHYLCYSTEINE IN THE 
ANIMAL BODY 


By VINCENT pu VIGNEAUD, HUBERT S. LORING, anp HAROLD A. 
CRAFT 
(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


(Received for publication, March 26, 1934) 


Since it had been found that homocystine could support growth 
on a cystine-deficient diet in lieu of cystine (1), the oxidative fate 
of the sulfur of this compound was of interest to us. Furthermore, 
the possible relationship of this compound to the intermediary 
metabolism of methionine made such a study desirable. The 
surprising observation that the feeding of methionine to rats on a 
cystine-deficient diet results in a marked stimulation of growth 
was first made by Jackson and Block (2) and has been verified in 
other laboratories (3, 1). As pointed out by Butz and du Vig- 
neaud (4), one might expect that homocystine would likewise 
support growth under these conditions if in the metabolism of 
methionine demethylation took place. The study of the substitu- 
tion in the diet of methionine and cystine by homocystine was 
therefore undertaken with the results mentioned above (1), which 
we feel are in harmony with the idea just expressed in regard to the 
intermediary metabolism of methionine. It should be recalled 
that the lack of the growth-promoting powers of other disulfide 
acids such as §-dithiodipropionic, dithiodiglycolic, and a-dihy- 
droxy-8-dithiodipropionic acids has already been shown by 
Westerman and Rose (5), and therefore the behavior of the disul- 
fide amino acid, homocystine, is all the more significant. 

The same view-point of the metabolism of methionine on the 
basis of evidence of an even more direct nature was independently 
arrived at by Virtue and Lewis (6,7). These investigators made 
the interesting observation that after the feeding of methionine to 
rats and rabbits a positive test for the disulfide linkage was obtained 
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in the urine, although the Sullivan test for cystine was negative. 
Virtue and Lewis expressed the view that their results might be 
explained on the assumption of a demethylation of methionine to 
homocysteine and a subsequent oxidation of the latter to homo- 
cystine, a portion of which was then excreted in the urine, account- 
ing for the positive disulfide test. These considerations led these 
authors to formulate the following tentative hypothesis (7): 
“... that a primary reaction in the metabolism of methionine is 
demethylation to yield the next higher homologue of cysteine 
(homocysteine) and that 2 molecules of this compound by oxida- 
tion form homocystine which is excreted in small amounts in the 
urine.” 

It is interesting in this connection that Vars (8) also obtained 
a positive test for the disulfide linkage after the feeding of methio- 
nine to a phlorhizinized dog. 

In studying the oxidation of homocystine, the fate of the sulfur 
was compared with that of methionine. A few experiments with 
S-methylcysteine, which may be considered as the next lower 
homologue of methionine, were included for reasons which will be 
discussed later. 


EXPERIMENTAL 


The oxidation experiments were carried out in exactly the same 
way as in our study of the oxidative fate of the sulfur of the stere- 
oisomers of cystine (9). The experimental procedure dealing with 
the collection of urine, the method of analysis, ete., will therefore 
not be repeated here. As in the previous work rabbits were used 
and in each experiment 0.5 gm. of the compound was administered 
by stomach tube. 

The optically inactive homocystine was prepared from methio- 
nine by essentially the same method as that described by Butz and 
du Vigneaud (4). It was found, however, that it was unnecessary 
to carry out the reaction in an atmosphere of nitrogen, and further 
that the volume of H,SO, could be reduced by one-half, thus 
simplifying the isolation of the homocystine. 

The S-methyleysteine was prepared from cystine by the method 
employed by du Vigneaud, Dyer, and Harmon in converting 
homocystine to methionine (1). The cystine was reduced to 
cysteine in liquid ammonia by metallic sodium and the cysteine 
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methylated by the addition of methyl iodide to the liquid ammonia 
solution. The residue obtained on evaporating the liquid ammo- 
nia solution was dissolved in water, filtered, and made slightly 
acid to litmus with 45 per cent HI. The solution was then 
warmed, mixed with 2 to 3 volumes of hot alcohol, and allowed to 
cool. The S-methyleysteine separated as small bunches of silky 
needles. The recrystallized product decomposed at 248° after 
becoming brown at 240°. A 1 per cent solution in water gave a 
rotation of [a] 2” = —31.2°. 25.5 mg. were analyzed for sulfur by 
the Carius method, yielding 23.4 per cent sulfur. The calculated 
value was 23.7 per cent. 3.054 mg. were analyzed for nitrogen by 
the micro-Dumas method and the value found agreed exactly 
with the calculated value of 10.37 per cent. 

The same compound was obtained by methylating cysteine in 
alkaline solution with dimethyl sulfate. A little over a mole of 
dimethy] sulfate for each mole of cysteine was used; in this way the 
reaction could be carried to completion at room temperature and 
the use of heat avoided. 18.0 gm. of cysteine hydrochloride 
were dissolved in 600 cc. of approximately 0.4 Nn Ba(OH), con- 
tained in a 1 liter three-necked flask fitted with a mechanical 
stirrer, condenser, and a dropping funnel. After the cysteine 
hydrochloride was dissolved, 15.3 gm. of technical dimethyl 
sulfate were added slowly to the stirred solution by means of the 
dropping funnel. The barium was removed with H,SO, and the 
filtrate from the BaSO, precipitate concentrated in vacuo to a 
small volume. NH,OH was added until the solution was only 
slightly acid to litmus. It was then mixed with 3 to 4 volumes of 
alcohol. The S-methyleysteine separated as tufts of silky needles 
in yields of approximately 70 per cent and had a rotation of 
[a] 2 = —32.0°. 

In order to show further that both the product obtained from 
liquid ammonia and that from the dimethyl sulfate reaction were 
identical, both were converted to their formyl derivatives by the 
procedure previously described for cystine (10). The formyl 
compounds were readily obtained in crystalline condition and 
both melted at 118-119° (corrected). A mixture of the two 
samples gave the same melting point. A 1 per cent solution of 
the N-formyl-S-methyleysteine in water gave a rotation of [a] ? 
= —13.5°. 27.8 mg. were analyzed for sulfur by the Carius 
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method and 3.299 mg. for nitrogen by the micro-Dumas method. 
The values found were 19.94 per cent sulfur and 8.76 per cent 
nitrogen, the calculated values for these constituents being 19.65 
and 8.58 respectively. 


DISCUSSION 


The results of the oxidation experiments, shown in Tables 
I and II, demonstrate that homocystine is readily oxidized 
in the body. Although the percentage of the sulfur fed which 
appears as sulfate in the urine is somewhat less after homocystine 
than it is after methionine, the percentage of the extra total sulfur 
excreted which appears as sulfate is practically the same for both 
compounds. In comparing these results with our previous study 
on the oxidation of cystine (9), it appears that both the inactive 
homocystine and di-methionine are more readily oxidized than 
either dl- or mesocystine; in fact, the degree of oxidation, particu- 
larly in the case of methionine, is closer to that obtained with 
l-eystine. 

As yet it is not definitely settled whether the inactive homo- 
cystine is di or whether it is a mixture of dl- and mesohomocystine. 
From ‘our results on the oxidation of meso- and dl-cystine, 
which showed that both were equally well oxidized, one might 
expect that it would make no difference with regard to the degree 
of oxidation of homocystine whether the preparation were meso- 
homocystine or dl-homocystine. However, the feeding of a mixture 
of dl- and mesohomocystine might lead to results which would in- 
dicate a greater degree of oxidation than would the feeding of the 
individual compounds, owing to the greater solubility of the mix- 
ture, since at least two independent phases would be present. 

This same possibility might also apply to cystine and might 
account for the differences between our results on pure mesocystine 
and dl-cystine, on the one hand and Hele and Pirie’s (11) and 
Lawrie’s (12) results on “inactive” cystine on the other, which 
we discussed in our last paper (9). In this discussion we pointed 
out that Hele and Pirie had obtained more neutral sulfur after 
dl-cysteine than after l-cysteine and we inadvertently referred to 
Lawrie’s work as also showing this with cystine. We wish to cor- 
rect this latter statement as he actually obtained less neutral sul- 
fur after “inactive” cystine. This, however, makes it even more 
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difficult to understand the difference between our results, which 
showed definitely less oxidation of meso- and dl-cystine in com- 
parison with /-cystine, and Lawrie’s results, which showed the 
opposite, unless this difference is explainable on the basis of the 


TaBLe I 
Oxidation of Homocystine, Methionine, and S-Methylcysteine 


3 
Compound fed Compound fed n 

> > 
Rabbit I, 3.1 kilos; 100 gm. Rabbit Chow Rabbit IT, 2.6 kilos; 100 gm. Rabbit Chow 

daily daily 
gm. mg. | mg. | mg. gm. mg. | mg.| mg. 
1 159} 128} 31) 1 143}108) 35 
2 159} 129] 30) 2 130104) 26 
3 158} 126} 32) 3 142/103) 40 
4 133} 29} 4] 0.5 homocystine 229)177| 52 
5 | 0.5 homocystine 246) 198} 48) 5 156)124| 27 
6 158} 122) 35 


Rabbit II, 2.8 kilos; 100 gm. Rabbit Chow 
daily 


Rabbit I, 3.3 kilos; 95 gm. Rabbit Chow 
daily 


36 147/113) 34 
25 170} 130 33} 37 147/113) 34 
26 144) 113) 31] 38 143}110| 33 
27 170} 123] 47] 39 153}110} 43 
28 | 0.5 methyleysteine | 267} 205] 62| 40) 0.5 methyleysteine | 257/205) 52 
29 156] 128} 28} 41 148/116} 32 


Rabbit I, 3.3 kilos; 75 gm. Rabbit Chow Rabbit IT, 3.0 kilos; 100 gm. Rabbit Chow 
daily daily 


52 139} 111) 28) 62 141/110) 31 
53 132} 105} 27) 63 141/110) 31 
54 101) 20) 64 138/109} 29 
55 | 0.5 dl-methionine | 225] 178) 47) 65 153/123) 30 
56 130} 103} 27) 0.5 dl-methionine | 240/200) 40 


higher solubility of “inactive” cystine, as suggested by Lawrie. 
Our results on the solubility of pure mesocystine and dl-cystine 
have shown us that both of these isomers are actually less 
soluble than /-cystine, but that the crude “‘inactive’’ cystine has 
a peculiarly high solubility. 
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The degree of oxidation we obtained with methionine agrees 
favorably with that obtained by previous investigators. In 
Mueller’s original investigations (13) ready oxidation of methionine 
was obtained, although the results cannot be directly compared 
with subsequent investigations since the conditions of the experi- 
ment were quite different. Pirie (14) in studying the oxidation of 
methionine found it to be oxidized as readily as cystine. He 
found that 66 per cent of the sulfur was excreted as sulfate within 
2 days and 16 per cent in the form of neutral sulfur. White and 
Lewis (15) and Stekol and Schmidt (16) found ready oxidation 


IT 

Percentage Oxidation of Homocystine, Methionine, and S-Methylcysteine 
| |: | Se Hl 

= = = nm 

mg mg mg mg mg. mg 
I | Homocystine | 246 | 159 | 87] 198} 129 | 69 | 79 | 58 | 73 
II wa 229 | 138 91 | 177| 105 | 72 | 79 | 61 76 
I | Methionine 225 | 131 94/178 | 106 | 72 | 77 | 67 | 88 
II 5 240 | 143 | 97 | 200} 114 | 86 | 89 | 80 | 90 
I | Mecysteine | 267/| 161 | 106 | 205 | 122 | 83 | 78 | 70 | 89 
II 257 | 148 | 109 | 205 | 112 | 93 | 85 | 78 | 91 


of the sulfur of di-methionine by the dog and Virtue and Lewis 
(6, 7) found the same to be true for the rabbit. 

The ready oxidation of S-methyleysteine is rather interesting in 
view of the observation of Block and Jackson (17) that the feeding 
of this compound does not bring about growth of rats on a cystine- 
deficient diet. We have found the same to be true with our own 
growth experiments with this compound. One might have 
expected that demethylation with production of cysteine would 
have taken place. This observation makes, of course, the findings 
with respect to the growth-promoting properties of methionine and 
homocystine even more significant. Pirie (14) fed S-methyl- 
cysteine to dogs and reported that the compound produced nausea 
and vomiting and so was unable to test quantitatively its oxida- 
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tion. He did, however, get indications that S-methyleysteine 
was more readily oxidized than S-benzyleysteine. We have 
observed no apparent toxic effects with this compound in our 
experiments with rabbits. 

The lack of utilization of S-methyleysteine for growth purposes 
would seem to us to indicate that demethylation in the case of 
S-methyleysteine was not the first step in its oxidation and there- 
fore that demethylation, although it may possibly be the first 
step in the metabolism of methionine, is not necessarily a general 
reaction in the catabolism of methyl thiol compounds. The loss 
of the methyl group in the oxidation of this compound would also 
seem necessarily to have occurred subsequent to such changes in 
the molecule where the demethylated moiety could not be re- 
converted to cystine. 


SUMMARY 


The oxidation of the sulfur of homocystine and S-methyleysteine 
by the rabbit has been studied. The results show the ready oxida- 
tion of both compounds. Comparative experiments were carried 
out with methionine, the results of which agreed with those of 
previous investigators. 

The significance of these results with respect to the metabolism 
of homocystine and methionine has been discussed. 

The syntheses of S-methylcysteine and N-formyl-S-methyl- 
cysteine have been presented. 
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THE INACTIVATION OF CATALASES FROM CERTAIN 
MARINE ANIMALS BY OXYGEN 


By GRAHAM W. MARKS 


(From the Scripps Institution of Oceanography of the University of California, 
La Jolla) 


(Received for publication, March 7, 1934) 


In a previous paper, Marks and Fox (1) showed that catalase 
from the mussel, Mytilus californianus, Conrad, on standing in air, 
slowly lost its ability to decompose hydrogen peroxide. Subse- 
quently, it was shown (2) that, at ordinary temperatures, this 
inactivation was caused primarily by oxygen. The reaction, 
under the given conditions, was found to be pseudounimolecular. 
Since a number of investigators (3-6) have mentioned the insta- 
bility of catalases from other sources, it occurred to the writer that 
inactivation by oxygen, in vitro, might be fairly universal for this 
enzyme. With this in view, the catalases from marine animals 
within certain phyla have been studied. The stability of catalases 
from marine plants probably will be investigated later. 

It is generally believed (7) that this enzyme controls some of the 
oxidative processes that occur in living cells. Thus a study of its 
direct or indirect reactions with oxygen is important. 


Procedure 


The procedure in this investigation was nearly the same as that 
previously given (2). All extracts were prepared in a phosphate 
buffer (8) at pH 7.0 and were 10 per cent extracts (i.e. the volume 
of buffer solution used was 10 times the weight of the moist tissue) 
unless otherwise specified. It was found unnecessary to extract 
the minced tissues overnight. 

After filtration through filter paper, the extracts were apor- 
tioned. One portion of each was allowed to stand in air; a slow 
stream of nitrogen was simultaneously passed through another. 
However, in most instances, an effort was made to remove much 
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of the air from the latter prior to storage under nitrogen by evacu- 
ating for 15 to 30 minutes with a Nelson pump. Immediately 
thereafter, they were placed in separatory funnels under nitrogen. 

The nitrogen was further purified with respect to oxygen as 
previously described (2) except that, in some instances, the final 
Drechsel wash bottle contained a 10 per cent solution of sodium 
hydrosulfite. However, the use of sodium hydrosulfite was later 
abandoned because it sometimes led to rapid inactivation of the 
enzyme, possibly because of “poisoning” by SO. 

Determinations of catalase activity were made daily, within 15 
minutes of the same time, by the former method (2). The time 
interval was 60 minutes. The extracts were stored and determina- 
tions were made in a constant temperature room, which was dark 
most of the time, at 20.0° + 0.2°. 

Curves are given in Figs. 1 to 6 for the inactivation of catalases 
from nineteen marine animals. The curves designated by the 
numbers with prime marks are for the portions of the extracts kept 
under nitrogen. It is seen that the rate of inactivation was always 
greater in air. 

It is not to be expected that the last traces of oxygen would be 
removed by the slow passage of nitrogen through the extracts. 
There also may have remained a trace of oxygen in the nitrogen 
after passage through the solutions in the wash bottles. Other 
factors, such as change in dispersion, ‘‘poisoning’”’ of the enzyme 
by impurities in the nitrogen, temperature, etc., also may have 
contributed to the inactivation. 

Order of Inactivation Reaction—Since the inactivations in air 
follow smooth curves, isolated reactions are indicated. Morgulis, 
in an investigation of catalase from beef kidney, showed (9) that 
“In the presence of sufficient buffering the catalase reaction be- 
comes directly proportional to the concentration of the enzyme and 
independent of the hydrogen peroxide concentration,” provided the 
concentration of the latter is not too great. Similar results were 
obtained by Marks and Fox (2) with mussel extract. This has 
been assumed to be true for the catalases studied in this investiga- 
tion. Considering the inactivation curves, it was found that the 
logarithm of the mg. of hydrogen peroxide decomposed plotted 
against the time in days gives straight lines. By using the same 
methods formerly described (2) and applying the equation, k = 
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Fia. 1. Inactivation of catalase from marine animals. Curves 1 and 1’, 
Tethys californica, Cooper; Curves 2 and 2’, Mytilus edulis, Linnwus; 
Curves 3 and 3’, Fundulus parvipinnis. 

Throughout the figures the prime mark denotes extracts kept under N». 
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Fia. 2. Inactivation of catalases from marine animals. Curves 4 and 4’, 
Cribrina zanthogrammica, Brandt; Curves 5 and 5’, Ischnochiton conspicuus, 
Carpenter; Curves 6 and 6’, Haliotis fulgens, Philippi; Curves 7 and 7’, 
Paphia staminea, var. laciniata, Carpenter. The nearly straight portion 
of the curve for Cribrina simply means insufficient H,O, was present. 
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Fia. 3. Inactivation of catalases from marine animals. Curves 8 and 8’, 
Cancer anthonyi, Rathbun; Curves 9 and 9’, Hypsoblenius gilbeati; Curves 
10 and 10’, Strongylocentrotus purpuratus, Stimpson (50 per cent extract). 
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Fie. 4. Inactivation of catalases from marine animals. Curves 11 
and 11’, Astrea undosa, Wood; Curves 12 and 12’, Heterostichus rostratus. 
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Fia. 5. Inactivation of catalases from marine animals. Curves 13 and 
13’, Modiolus capaz, Conrad; Curves 14 and 14’, Tegula viridula, var. ligulata, 
Menke (5 per cent extract); Curves 15 and 15’, Gibbonsia elegans. 
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Fia. 6. Inactivation of catalases from marine animals. Curves 16 and 
16’, Cymatogaster agrigatus; Curves 17 and 17’, Tegula gallina, Forbes; 
Curves 18 and 18’, Abeona minima; Curves 19 and 19’, Chione undatella, 
Sowerby (5 per cent extract). 
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(2.303/t) log (a/(a — zx)), for a first order reaction, very nearly 
constant values are obtained for k for any given series of determi- 
nations, irrespective of the organism from which the catalase was ob- 
tained. Inthis equation, a = the initial number of mg. of hydrogen 
peroxide decomposed by 5 cc. of extract, and (a — x) = the number 
of mg. of hydrogen peroxide decomposed by 5 cc. of extract at any 
time, t, in days after the start. In Table I daily determinations 
of the quantities of hydrogen peroxide decomposed and values of 
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Fic. 7. Inactivation of catalases from marine animals. Logarithmic 
curves showing sharp changes. Logarithm of mg. of HO, decomposed 
(denoted as log y) versus time in days. Curve A, Paphia staminea, var. 
laciniata, Carpenter; Curve B, Mytilus edulis, Linneus; Curve C, Hypso- 
blenius gilbeati. 


kare given. The rate of inactivation is seen to be much greater 
in some instances than in others. 

Since oxygen is apparently the primary factor in the inactiva- 
tions, the reactions are pseudounimolecular. Thus the equation 
for the reactions is, k = (2.303/tb) log (a/(a — x)) where 6 is the 
concentration of an unknown factor, constant for any single 
experiment. 

A sharp break in the slope of the logarithmic curves has been 
observed in a number of cases. Two such curves are shown in 
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Fig. 7 in comparison with a third. These inflections are probably 
not to be ascribed to any sudden change in the rate of the inactiva- 
tion but rather to a difference in the proportionality between the 
concentration of the enzyme and the quantity of hydrogen peroxide 
decomposed. Such a change in proportionality at higher enzyme 
concentrations was shown to be true (2) for catalase from the 
California mussel. 

Zeile (10) came to the conclusion that catalase obtained from 
horse liver probably has the same active group as that from the 
cotyledons of germinated pumpkin seeds. Von Euler, Zeile, 
and Hellstrém (11) gave reproductions of spectrographs showing 
catalase and hemin as identical in pyridine solutions and almost 
identical in 0.002 n NaOH solutions. Hence the active group is 
probably the same in both. 

The fact that the rates of inactivation of catalases from a variety 
of animals under the given conditions is represented by the equa- 
tion for a first order reaction and that the loss of activity in air is 
greater than it is in nitrogen is evidence of the chemical similar- 
ity of the active groups. 


SUMMARY 


1. Curves are given for catalases from nineteen marine animals 
showing that the rate of inactivation in air is greater than that in 
nitrogen at 20.0° + 0.2°. 

2. Assuming that the quantity of hydrogen peroxide decom- 
posed is directly proportional to the concentration of the enzyme, 
it has been found that the equation for a first order reaction ex- 
presses the rate of inactivation for the catalases from twenty-two 
marine animals. A similarity in structure is thus indicated for 
catalases from widely different sources. Since oxygen enters 
directly or indirectly into the inactivation, the reactions are 
pseudounimolecular. 


The writer here desires to express his appreciation of the interest 
taken in this problem by Dr. D. L. Fox in whose laboratories this 
work was performed, and to thank Mr. P. 8. Barnhart for aid in 
obtaining and identifying the animals. 
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ON SARSASAPOGENIN AND GITOGENIN 


By WALTER A. JACOBS anp JAMES C. E. SIMPSON* 


(From the Laboratories of The Rockefeller Institute for Medical Research, New 
York) 


(Received for publication, April 14, 1934) 


The saponins of the sarsaparilla root on hydrolysis yield a 
crystalline aglucone, sarsasapogenin (parigenin), which has been 
given preliminary study by a number of workers. Power and 
Salway,’ Kaufmann and Fuchs,” and van der Haar * have been 
in agreement on the formula CxH»2O; and on the formation of 
monoacyl derivatives. The presence of only one hydroxyl group 
in the sapogenin was substantiated by van der Haar’s determina- 
tion of its active hydrogen. This acylatable hydroxyl group was 
more recently shown in these laboratories‘ to be apparently of 
secondary character by the formation of a monoketone. Because 
of the failure to characterize the remaining oxygen atoms by the 
usual procedures, Kaufmann and Fuchs have suggested a proba- 
ble stable oxidic function. Finally, sarsasapogenin exhibits the 
behavior of a saturated substance. Hence, it appeared to be not 
only isomeric with tigogenin, a sapogenin recently isolated by 
Jacobs and Fleck‘ from digitalis leaves, but there was a suggestion 
that it may be built on the same general plan as the digitalis sapo- 
genins. These substances have been shown in a series of studies 
by Windaus and coworkers to be like cholesterol derivatives of a 
saturated tetracyclic system and to carry a side chain containing 
2 oxidic oxygen atoms. 

In the case of gitogenic acid, an oxidation product of gitogenin, 


* Commonwealth Fund Fellow. 

! Power, F. B., and Salway, A. H., J. Chem. Soc., 106, 201 (1914). 

? Kaufmann, H. P., and Fuchs, C., Ber. chem. Ges., 66, 2527 (1923). 
5 van der Haar, A. W., Rec. trav. chim. Pays-Bas, 48, 726 (1929). 

* Jacobs, W. A., and Fleck, E. E., J. Biol. Chem., 88, 549 (1930). 
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a possible tentative picture of such a molecule has been expressed 
by Windaus and Linsert® as follows: 


\ 


CH; 


Since the further development of this problem in the words of 
Windaus and Shah* has been rendered difficult by the costliness of 
the starting material, it appeared that a further study of sarsasa- 
pogenin, while of interest in itself, might result in its correlation 
with the digitalis sapogenins and thus furnish a new approach to 
the study of the latter. A partial realization of this plan has been 
achieved in our present work. 

Mention must first be made of the recent work of Ruzicka and 
van Veen’ who included sarsasapogenin in the series of triterpenes 
submitted by them to dehydrogenation studies with selenium. No 
sapotalin or higher boiling crystalline hydrocarbon was isolated by 
them. But the interesting observation was made that the lowest 
boiling fraction contained a substance which was characterized by 
its semicarbazone as methyl isohexyl ketone. The authors con- 
cluded that this had its origin in the side chain of sarsasapogenin 
which is probably the same as the long side chain of cholesterol. 

In the present communication we wish to confine our report in 
regard to sarsasapogenin to our experience with its dehydrogena- 
tion and to its decomposition by acid. The conditions used for 


5 Windaus, A., and Linsert, O., Z. physiol. Chem., 147, 277 (1925). 
® Windaus, A., and Shah, 8S. V., Z. physiol. Chem., 161, 91 (1925). 
7 Ruzicka, L., and van Veen, A. E., Z. physiol. Chem., 184, 69 (1929). 
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the dehydrogenation with selenium were with a few modifications 
essentially those employed by Ruzicka and van Veen. We have 
confirmed the formation during the reaction of a ketone CsHyO 
which was characterized by its semicarbazone. Contrary, how- 
ever, to the experience recorded by these workers, our semicar- 
bazone showed a constant melting point of 143-144°. The ident- 
ity of this substance is under further investigation.® 

From the higher boiling fraction of the dehydrogenation product 
a mixture of crystalline hydrocarbons was obtained. This mixture 
was subjected to systematic fractional recrystallization from alco- 
hol and finally yielded a small amount of a hydrocarbon which 
melted constantly at 123.5-124° and appeared to be homogeneous. 
This melting point as well as the crystalline form at once sug- 
gested identity with methyl cyclopentanophenanthrene (Diels’ 
hydrocarbon C,sH,s). It gave no depression in melting point 
when mixed with a sample of the latter obtained from strophan- 
thidin. Identity was further supported by the formation of the 
trinitrobenzene addition product which melted at 146-147° and 
by that of the trinitrotoluene derivative which melted at 91-92° 
(instead of 93-95° as given by others). We believe, therefore, 
that this hydrocarbon is identical with Diels’ hydrocarbon C,sH,., 
and since this substance is now regarded as a product of the 
degradation of the sterol ring system, we would like to assume that 
sarsasapogenin is built on the same tetracyclic ring system as 
cholesterol, the bile acids, and the cardiac aglucones. 

The cleavage of what is probably the side chain of the sarsa- 
sapogenin molecule has been accomplished by a procedure less 
drastic than that used for dehydrogenation. When sarsasapoge- 
nin is heated with a mixture of acetic and hydrochloric acids or 
with a solution of hydrogen chloride in acetic acid, a deep-seated 
reaction occurs with the formation in small yield of a volatile 
substance which was characterized as a ketone (or aldehyde) by 
the formation of a semicarbazone. The analytical figures suggest 
a formula CyH,;O;N3, corresponding to a ketone (or aldehyde) 
CsH,,0;. Since the semicarbazone gives a pronounced color 
with tetranitromethane, a double bond is indicated. To be 

8 We have more recently obtained the same result in a repetition of 


the dehydrogenation of sarsasapogenin and also from gitogenin on dehy- 
drogenation. The latter will be described in a forthcoming paper. 
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consistent with the formula CsH,,0; for such an unsaturated 
ketone, the remaining 2 oxygen atoms should be present as hy- 
droxyl groups. It is hoped shortly to present more definite data 
which will help to interpret the nature of this substance. 

The formation of such a substance would not be incompatible 
with the cleavage of a side chain such as postulated by Windaus 
and coworkers for digitogenin and gitogenin. This could occur 
by stages represented in the following partial formulas. 


OH 


C—C.CH,.-CH—CH-CH 


| 
CH, O—————CH, 


CH; 


OH 
CO-CH,-CH-CH-CH CO.CH=CH-CH-CH 
| 


OH 
CHs CH:0H CH; CH,OH 
To support this suggestion we have also submitted gitogenin to 
the action of acetic and hydrochloric acids under similar conditions. 
A volatile mixture of substances was again obtained and from it a 
semicarbazone was prepared which proved indistinguishable in all 
respects from that derived from sarsasapogenin. The formation 
of this substance from gitogenin thus supports the above inter- 
pretation of its origin as well as strengthens the assumption of 
a close relationship between sarsasapogenin and the digitalis 
sapogenins. 
Further work in this direction, together with studies on the 
oxidative degradation of sarsasapogenin, is in progress. 


EXPERIMENTAL 


Preparation of Sarsasapogenin—225 kilos of ground commercial 
Mexican root were exhaustively percolated with cold 95 per cent 
denatured alcohol, and the alcoholic extract was concentrated 
(under reduced pressure) to a brown, viscous gum which weighed 
32.2 kilos. This gum in portions of 5.5 kilos was dissolved in 5 

* The large scale operations of percolation with alcohol and concentra- 


tion to a syrup were carried out in the plant of E. R. Squibb and Sons, 
Brooklyn. 
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liters of 85 per cent alcohol and the mixture was defatted by shak- 
ing with ligroin (80—-90°) at 50-60°. Three extractions with this 
solvent were found to be sufficient. The lower layer was drawn 
off and well stirred into 2 to 3 volumes of ether. After settling 
overnight the ether was decanted from the brown, gummy residue. 
This was heated at 95° to remove solvent. The total yield was 
26.9 kilos of fat-free gum. This gum was then hydrolyzed in 
portions of 1 kilo. For this purpose it was dissolved in twice its 
weight of water followed by the addition of 340 cc. of HCI (1.19). 
The mixture was heated at 80° for 45 minutes with constant stir- 
ring. The separation of the aglucone occurred mostly during the 
last 5 minutes of heating, but if heating was continued beyond 
this point a gum was invariably thrown down which caused 
great difficulty in the isolation of the pure sapogenin. The 
hydrolysis mixture was rapidly cooled and the crude aglucone was 
obtained by centrifuging as a brown, indistinctly crystalline solid. 
The material from 2 kilos of gum was dissolved in 600 cc. of 95 per 
cent alcohol and 60 cc. of HCl (1.19). The mixture was refluxed 
for 1} hours to complete the hydrolysis. During the reaction the 
crude sapogenin separated in crystalline form. After standing, 
the crystals were collected with 50 per cent alcohol. In this way 
1050 gm. of crude sarsasapogenin were obtained, containing much 
strongly colored acid impurity. It was dissolved in 10 parts of 
hot 95 per cent alcohol containing 0.1 volume of concentrated 
ammonium hydroxide. On cooling, the genin rapidly separated 
in small needles. After one or two recrystallizations from absolute 
acetone with bone-black, it formed large, prismatic needles. The 
ammoniacal alcoholic mother liquors on concentration to one- 
third volume yielded a further crop of brown, solid material which 
was thoroughly dried, powdered, and extracted with absolute ether 
in a Soxhlet apparatus. The sapogenin thus obtained was readily 
purified by crystallization from absolute acetone. The total 
yield of pure sarsasapogenin was about 450 gm. It melted at 
199-199.5°. 


Calculated. C 77.55, H 10.52 
“ 77.82, 10.65 
“ 77.82, “ 10.59 
“ 77.80, “ 10.61 
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Dehydrogenation of Sarsasapogenin—30 gm. of pure sarsasapo- 
genin were heated at a bath temperature of 230-240° in a current 
of nitrogen for 4 hour. 10 gm. of selenium were then added, 
followed by a further 7 gm. after 40 minutes. After this, the 
temperature was increased to 265° during the next hour and the 
current of nitrogen was cut off. Since no marked reaction had 
apparently as yet set in, a further 7 gm. of selenium were added 
and the temperature was raised to 330-335° during 40 minutes. 
Evolution of gas commenced at about 300°. A further 21 gm. of 
selenium were added in three equal portions, the time elapsing 


TABLE 
Fractionation of Residual Oil Obtained on Dehydrogenation of Sarsasapogenin 


Fraction No.| Temperature Weight Remarks 


gm. 
70-105 2.34 | Yellow, mobile liquid, with 
fragrant smell 
3.10 | Dark oil, slightly fluores- 
cent 
6.15 | Viscous oil, strongly fluores- 
cent, solidified almost 
immediately on cooling. 
Distilled mainly at 190- 
195° 
Above 205 3.65 | Brown, glassy resin 


3.10 
18.34 


between successive additions being 14, 2}, and 8 hours, while the 
temperature was maintained at 335-340°. The total selenium 
addition was thus 45 gm. After 30 hours, heating was discon- 
tinued and the cold reaction mass was extracted with ether. The 
filtrate from insoluble, amorphous material was dried and concen- 
trated. The residual, strongly fluorescent oil was then fraction- 
ated as indicated in Table I. 

The fractions were worked up in the following manner. 

Fraction 1—This was dissolved in 95 per cent alcohol and 
treated with an aqueous alcoholic solution of semicarbazide made 
by decomposing 2 gm. of the hydrochloride with sodium acetate. 


1 

2 

3 

4 
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After concentration in an exsiccator, the oily product was taken 
up in low-boiling petroleum ether. This solution was washed 
with water, dried, and evaporated. The residue, which contained 
much oil, yielded a crystalline solid which was sparingly soluble 
in ether. The substance, on repeated crystallization from ether, 
separated in large, gleaming plates having a constant melting 
point of 143-144°. Recrystallization from benzene-petroleum ether 
and then ether or benzene failed to raise this melting point. The 
melting point of the semicarbazone recorded by Ruzicka and van 
Veen’ is 152° and that of synthetic methyl isohexyl ketone semicar- 
bazone is 153-154°. 


C,HisON;. Calculated. C 58.33, H 10.35, N 22.68 
Found. * 58.45, “ 10.27, ‘* 22.61 


Fraction 2—The oil, which darkened rapidly on exposure to 
air, did not crystallize and was not further investigated. 

Fraction 8—This fraction was dissolved in hot 95 per cent alco- 
hol and yielded 1.33 gm. of a light brown, slightly oily solid (Sub- 
stance A), which was converted into the picrate with ethereal 
picric acid. After removal of ether the crystalline residue was di- 
gested repeatedly with light petroleum ether, and the insoluble pic- 
rate was decomposed with aqueous sodium carbonate and extracted 
with ether. Evaporation of the dried solution yielded a definitely 
crystalline solid, which was recrystallized with bone-black from 95 
per cent alcohol, yielding 0.17 gm. of a white, crystalline solid 
which melted at 122-130°. From the mother liquor a further 0.12 
gm., which melted at 104-108°, was obtained. The mother liquor 
from Substance A was evaporated to dryness and converted 
into the picrate which was purified as described above. In this 
way a further 0.2 gm. of crystalline solid of melting point 102—108° 
was obtained. The three crops were combined and subjected to 
fractional crystallization from 95 per cent alcohol by means of the 
“triangle” scheme. 30 mg. of a hydrocarbon were finally ob- 
tained, which had a constant melting point of 123.5-124° and 
crystallized in small plates. 


CisHis. Calculated. C 93.06, H 6.94 
Found. 


“ “ 93.29, “ 7.04 
XUM 
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This substance showed no depression when mixed with the Diels 
hydrocarbon C;sHis obtained from strophanthidin. 

The 1:3:5 trinitrobenzolate was prepared in alcoholic solution 
and crystallized in long, bright yellow needles of constant melting 
point, 146-147°. 


CxuHisO.Ns. Calculated. C 64.69, H 4.30 
Found. “ 65.08, “ 3.78 


The trinitrotolylate crystallized from alcohol in yellow prismatic 
needles which melted at 91—92°. 


CasH206Ns3. Calculated. Cc 65.34, H 4.61 
Found. 65.85, “ 4.48 


The slightly low melting point of this compound (Harper, Kon, 
and Ruzicka” give 93-94°; Ruzicka, Goldberg, and Thomann" 
give 95°) may be due to the presence of a little free hydrocarbon 
as indicated by the slightly higher percentage of carbon. Owing 
to the insufficiency of material it was not possible to investigate 
this point further. 

During the above fractional crystallization, small amounts of 
high melting hydrocarbon (181-190°) were obtained, but the 
quantities were too small to permit of complete purification. The 
bulk of the hydrocarbon mixture accumulated in the most soluble 
fractions of melting point 100—110°, but no individual substance 
could be isolated from this mixture. 

Fraction 4—This showed no tendency to crystallize and was 
therefore purified through the picrate as described for Fraction 3. 
The regenerated hydrocarbon was an oil which remained strongly 
colored after treatment with charcoal. Its alcoholic solution on 
standing deposited a small amount of solid material which has 
not yet been investigated. 

The Ketone, CsHO3, from Sarsasapogenin—The decomposition 
of sarsasapogenin was first studied by the procedure described 
below in the case of gitogenin and before a method for the proper 


%” Harper, S. H., Kon, G. A. R., and Ruzicka, F.C. J., J. Chem. Soc., 124 
(1934). 

" Ruzicka, L., Goldberg, M. W., and Thomann, G., Helv. chim. acta, 16, 
812 (1933). 
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purification of the semicarbazone had been evolved. The isolation 
of the pure semicarbazone from sarsasapogenin was accomplished 
in the particular experiment which is recorded as follows: 

5 gm. of sarsasapogenin were heated for 1} hours in a sealed 
tube at 85-90° with 35 ce. of a 10 per cent solution of dry hydrogen 
chloride in acetic acid. The clear, dark colored solution was 
diluted with 3 to 4 volumes of water and distilled at atmospheric 
pressure as long as fragrant material was carried over. Sodium 
hydroxide solution was carefully added to the distillate until 
just alkaline. The mixture was then redistilled until it no longer 
had its original odor. The distillate, about 50 cc., was saturated 
with NaCl and extracted with ether. The dried extract on 
evaporation yielded an almost colorless oil which possessed a 
characteristic odor. It was dissolved in a small volume of 95 
per cent alcohol and treated with a solution of semicarbazide in 50 
per cent alcohol prepared from 1 gm. of the hydrochloride and 
sodium acetate. The odor disappeared in the course of an hour 
and the solution was then evaporated for 2 to 3 days in an ex- 
hausted desiccator. A semisolid residue was left, which was 
digested with water, collected, well washed with water, and dried. 

The crude, amorphous semicarbazone was extremely soluble in 
the alcohols (which had a weak hydrolytic action on it) and in 
benzene, ethyl acetate, and acetone. By continued recrystalliza- 
tion from ether-petroleum ether the pure semicarbazone was 
isolated in poor yield in the form of small, shining rhombs which 
exhibited a constant melting point of 119.5-120°. The substance 
gives an immediate yellow color with tetranitromethane. 


CoHi903Ns. Calculated. C 49.77, H 8.84, N 19.35 
CsH703Ns. $0.23, “ 7.97, “ 19.53 
Found. “ 49.86, “ 8.08, “ 18.99 


The Ketone, CsHO3, from Gitogenin—5 gm. of gitogenin (m.p. 
271°) were suspended in 300 cc. of a mixture of equal volumes of 
acetic acid and HCl (1.19). The suspension turned dark brown 
on gentle warming and all crystalline material disappeared after a 
few minutes boiling. After refluxing for 2 hours the mixture was 
diluted with an equal volume of water and distilled at atmospheric 
pressure. The first 200 ec. were collected. From here on the 
procedure was the same as given above. In this case, the yield 
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was 0.55 gm. of oil-free solid which melted at 90-96°. On repeated 
recrystallization from ether-petroleum ether this was raised to 
119.5-120° and gave no depression when mixed with the semicar- 
bazone obtained above from sarsasapogenin. In all other respects 
it proved to be identical. 


Found. C 50.54, H 8.24, N 18.88 
“ 49.90, “ 8.18 


THE NATURE AND AMOUNT OF NON-DIFFUSIBLE CAL- 
CIUM IN PROTEIN SOLS 


REMARKS ON THE PapEeR BY EversoLe, Forp, AND THOMAS 
By DAVID M. GREENBERG 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, February 12, 1934) 


In attempting to reconcile discordant values for the protein- 
bound calcium in gelatin sols obtained by measurements with an 
electrode of the third class for calcium, as contrasted with the 
figures obtained from membrane distribution experiments, Ever- 
sole, Ford, and Thomas (1) suggest that a large error has been 
made in the application of the Donnan equilibrium to the calcula- 
tion of the results of dialysis and ultrafiltration experiments owing 
to the failure to correct sufficiently for the volume of the dispersed 
phase. In their opinion, estimations based on the partial specific 
volume as determined by density measurements are meaningless 
for highly hydrated proteins because no account is taken of 
hydration and the resulting increase in the volume of the protein 
phase at the expense of the continuous phase. To obtain proper 
values for the volume of the protein phase, they propose the use of 
viscosity data, particularly by interpolation from the empirical 
viscosity equation of Kunitz (2). A proper correction applied to 
blood serum, according to these authors, would increase the 
amount of protein-bound calcium by about 40 per cent. 

The proposal of Eversole, Ford, and Thomas has as a corollary 
that a very considerable proportion of the water in protein solu- 
tions is present as hydrate or “bound” water, which has lost its 
ordinary solvent properties. The conception of bound water in 
this sense has undergone considerable investigation in recent years, 
among others by the writer (3), with the accumulation of a great 
many data unfavorable to the existence of any appreciable 
amounts of bound water in protein sols. Further, in the light of 
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such investigations as have been carried out by McBain, Willa- 
voys, and Heighington (4), one could hardly select a poorer means 
of estimating the volume of the dispersed phase in a lyophilic 
colloid than from its viscosity. 

A more reasonable interpretation of the data of Eversole, Ford, 
and Thomas is indicated by the calculations given in Table I. 
The results obtained by dialysis with a constant content of caleium 
acetate lead to an approximately constant value of the calcium 
bound per gm. of gelatin. With the highest amounts of 3.5 and 4 
per cent gelatin the amount falls off a little. A correction for the 
protein volume would likely even increase the constancy some- 


TaBLe I 


Protein-Bound Calcium Combined with Gelatin from Data of Eversole, Ford, 
and Thomas 


By electrometric measurement _ By membrane distribution 
0.5 per cent gelatin Calcium acetate concentration 0.005 m 


Calcium acetate by Gelatin 


what. The protein-bound calcium determined by this means is 
quite small and probably is reasonably correct. 

On the other hand, the combined calcium per gm. of gelatin, 
calculated from the electrometric measurements, increases from 
0.22 up to 3.04 mm. In the lowest amount this is some 10-fold 
greater than the protein-bound calcium found by dialysis. The 
two methods, it is true, in this instance are not comparable 
because of the increasing calcium acetate concentration employed 
in the electrometric method. The high values calculated from 
the latter seem quite astonishing when it is considered that the 
maximum base capacity of gelatin has been determined as 0.6 


Ca bound by 
ion gelatin 

moles per l. mM per gm. per cent mM per gm 
0.0025 0.22 0.5 0.034 
0.005 0.39 1.0 0.036 
0.010 0.75 1.5 0.035 
0.020 1.49 2.0 0.043 
0.030 1.87 2.5 0.031 
0.050 2.05 3.0 - 0.033 
0.150 2.90 3.5 0.029 
0.200 3.04 4.0 0.026 
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to 0.7 milli-equivalent per gm. (5), about a tenth of the protein- 
bound calcium here claimed. The electrometric measurements, it 
seems probable from what follows, had no quantitative relation 
whatsoever to the calcium ion activity of the gelatin solutions. 
No evidence, for example, is offered for the reliability of the 
electrode in the publication in question (1). The same electrode, 
when investigated by Le Blanc and Harnapp (6), was found to be 
unsatisfactory even with inorganic salt solutions. The reason for 
this, it was found, was that zinc oxalate is more soluble than cal- 
cium oxalate. Calcium oxalate and zine oxalate when mixed 
together require months to reach an equilibrium. During the 
process of equilibration, zine goes into solution and calcium from 
the solution is precipitated. This electrode, it follows, is quite 
unsuitable for measuring the activity of calcium-containing 
solutions. The same electrode and certain other similar electrodes 
have been tested in this laboratory by students under the direction 
of both the writer and Dr. P. L. Kirk, so far with no success in 
their application. 

From the discussion given here, the objection to the calculation 
of diffusible calcium raised by Eversole, Ford, and Thomas would 
appear to have no basis. 
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(From the Physical Chemistry Laboratory of the State University of Iowa, 
Towa City) 


(Received for publication, March 9, 1934) 


In the preceding article in this Journal (1), Greenberg has 
attacked a recent paper (2), first, in regard to the method sug- 
gested for determining the numerical value of a volume correction 
which depends closely on the amount of water of hydration of 
hydrophilic colloids, and, secondly, in regard to the validity of the 
electromotive force data presented. 

The suggestion of a viscosity method for the estimation of the 
amount of “bound”’ water is merely the statement of a considered 
opinion on a controversial subject and is in no way an essential 
part of the original paper. However, the nature of the objections 
advanced seems to warrant a reply. 

The opinion of Greenberg, based primarily on his own work (3), 
that little if any water is bound by hydrophilic colloids is supported 
by relatively little experimental evidence, as compared with the 
more common belief that there is a considerable amount of such 
water. The proper evaluation of these conflicting opinions in- 
volves a consideration of the relative merits of the different experi- 
mental methods that have been used. 

Of the different types of methods that have been used, possibly 
the most direct are those based on the measurement of colligative 
properties and those based on membrane distribution measure- 
ments, particularly the ultrafiltration method of Greenberg and 
Greenberg (3). The chief sources of error in the former type of 
method seem to be adsorption and the lack of needed activity 
data. However, the ultrafiltration method (3) is equally subject 
to errors due to adsorption, and any advantage it may appear to 
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have in being relatively less affected by the lack of activity data 
seems to be offset by the differential methods that have been used 
in the colligative measurements, and by the possibility of a non- 
equilibrium concentration! in the ultrafiltrate due to differences in 
the ease with which the different molecular species pass through 
the membrane. 

Direct calculations of hydration from measurements of the 
partial specific volume yield very low values, in accordance with 
the opinion of Greenberg. However, these calculations are not 
justified. The partial specific volume (4) of a protein is given by 
the equilibrium increase in the total sol volume on the addition of 1 
gm. of the dry protein to a very large volume of a sol of any given 
concentration. The value of this quantity, therefore, is affected by 
the hydration of the added protein only in so far as the density 
of the water of hydration differs from that of the solvent water. 

Viscosity equations for the estimation of the extent of hydration 
are usually empirical and therefore indirect. They are not 
applicable if the electrokinetic potential of the particles is high 
or if the sol is near the region of gel formation. It is probable that 
neither of these conditions is met in the soap sols of McBain et al. 
(5), referred to by Greenberg in his rejection of this method. On 
the other hand, a viscosity equation used in its proper range gives 
consistent values which are little affected by activity coefficients 
and adsorption. 

From a theoretical standpoint the colligative properties seem to 
offer the most accurate basis for the measurement of hydration, 
but, until the necessary activity and adsorption data are available, 
it would seem that a viscosity equation which agrees with colliga- 
tive measurements made under the most favorable conditions 
should at least give a valuable approximation of this quantity. 
This conclusion is in no way intended to discount the value of the 
experimental evidence on which the opinion of Greenberg is based, 
but such evidence does not appear as yet to constitute a sufficient 
basis for the rejection of the generally accepted ideas of the 
hydration of hydrophilic colloids and the great mass of experi- 
mental data which supports them. Among the more recent of 


1 In connection with the process of ultrafiltration, see McBain, J. W., 
and McClatchie, W. L., J. Am. Chem. Soc., 65, 1315 (1933). 
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these data are included the results of Lloyd and Moran (6) and of 
Hayasida (7), the latter indicating 20 volumes per cent of ‘“‘non- 
solvent space” in serum, based on activity measurements. 

The statement, based on the results of Le Blanc and Harnapp 
(8), that the potential of the calcium electrode used in the electro- 
metric measurements probably has no quantitative relation to 
the activity of calcium ions has been shown to be unjustified by 
more recent work of the same authors (9). 

For practical purposes electrochemical equilibrium does not 
require that the entire solution be in equilibrium with the solids, 
but only that portion of it which is in immediate contact with the 
metal electrode. In our measurements a layer of solid oxalate 
approximately 1 em. thick was placed on top of the amalgam and 
the electrode was allowed to stand undisturbed at constant tem- 
perature. Care was taken to avoid polarization in making the 
voltage measurements, and equilibrium (+0.1 millivolt) appeared 
to be established within a few days at the most. 

The objection that a part of the calcium ions is precipitated 
from the solution as calcium oxalate during the attainment of 
electrode equilibrium is no doubt valid. However, even if a large 
fraction of the total calcium is precipitated, the nature of the 
results remains unchanged. For convenience as a numerical 
illustration, the improbably high value of 0.9 may be taken as the 
fraction of the total calcium so removed. On the basis of this 
assumption, the values for the amounts of both “free” and 
“bound”’ calcium (# = 0 as in the original calculation) given in 
Table I of the original article (2) and in the second column of 
Table I presented by Greenberg (1) would be reduced to one- 
tenth of their present values. The other values in these tables 
would remain unchanged. 

The fact that even these excessively reduced values are in excess 
of the maximum base-binding capacity of gelatin as determined by 
Rawlins and Schmidt (10) does not seem to be a serious objection. 
This capacity for proteins as well as other colloids has been found 
to depend to a large extent on the history of the colloidal material 
and the method of preparation of the sol. 

In view of these considerations, the authors feel that the objec- 
tions advanced by Greenberg are in a large measure unjustified. 
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THE INFLUENCE OF pH ON THE OPTICAL ROTATION 
OF PROTEINS 


By H. J. ALMQUIST anp DAVID M. GREENBERG 
(From the Division of Poultry Husbandry, College of Agriculture, University 
of California, and the Division of Biochemistry, University of 
California Medical School, Berkeley) 


(Received for publication, March 26, 1934) 


It is a well established fact that the salt of an optically active 
substance which is an acid or base usually has quite a different 
optical rotation value than the undissociated substance and that 
the rotation changes in acid or alkaline solution according to the 
titration curve of the mother substance. This principle appeared 
to be applicable to the study of the nature of the combination 
of proteins with acids and bases and so, in an earlier paper (1), 
the change of the optical rotation of purified egg albumin with 
pH was determined for this purpose. In the present communica- 
tion we wish to report the extension of this study to several other 
proteins; namely, blood serum albumin, casein, and livetin. 

The general plan of the work was the same as is given in the 
previous paper (1). The rotation was determined on about 1 per 
cent solutions of protein, in temperature-controlled tubes, the D 
line of sodium being used to make the readings. Carefully purified 
proteins were employed. The casein was prepared according to 
the modified procedure of Van Slyke and Baker given by Green- 
berg and Schmidt (2). The serum albumin was prepared trom 
beef serum by first salting out the globulin, then the albumin with 
ammonium sulfate, and lastly dialyzing the albumin until it was 
salt-free. Livetin was prepared by the method of Jukes and Kay 
(3), repeated ether extraction being used in place of extraction by 
alcohol and ether at —15°.!. The optical rotation curves plotted 
against pH, including the previous measurements on egg albumin, 
are given in Fig. 1. The curve for casein gives only the measure- 

1 A sample of livetin prepared by Dr. Jukes, and kindly sent to us, had a 
rotation of [a]p = 39.7°, compared to [a]p = 39.1° of our preparation. 
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ments in alkaline solution, since acid solutions of casein proved to 
be too turbid for polarimetric readings. The rotation values of 
casein do not fit on the scale of the other proteins, but instead are 
indicated immediately to the side of the casein curve. 


DISCUSSION 


The only protein on which the influence of pH on the optical 
rotation has previously been studied extensively is gelatin. This 


| 7 
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pH 


Fig. 1. Effect of pH on change of specific rotation of several proteins 


has been done by Vles and Vellinger (4), Bogue and O’Connel (5), 
and by Kraemer and Fanselow (6). These curves for gelatin 
differ greatly from the proteins studied by us and apparently are 
quite unrepresentative of proteins in general. In the sol state 
at about 40°, the optical rotation of gelatin is readily reversible 
and passes through a sharp minimum at the isoelectric pH of 4.8. 
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The optical properties of this protein are enormously influenced by 
gelatinization, so that in the gel state the rotation has a marked 
time lag and now passes through a maximum in the isoelectric 
region. The influence of the physical state on the gelatin rotation 
curves has been thoroughly studied by Kraemer and Fanselow. 
Because of the peculiarities observed with gelatin, we shall not 
attempt to include it in the interpretation given to the curves of 
the proteins given in Fig 1. 

An examination of the rotation curves for the proteins in Fig. 1, 
particularly of serum albumin, livetin, and egg albumin, shows a 
very considerable similarity. There is a minimum zone of 
rotation which extends through the isoelectric region between the 
pH values of about 4.5 and 10.0. On both the acid and alkaline 
sides of this minimum zone, the levorotation increases until a 
maximum value is reached. The rotation of casein, too, becomes 
more negative and reaches a maximum with increasing alkalinity. 

However, while similar in form, the curve of each protein is 
specifically different in magnitude. The implication of this is 
that while certain special amino acids determine the shape of the 
optical rotation curve, their effect is variously modified by the 
state of combination and their particular position in the protein 
molecule. Since a large body of work (7) points to the uncom- 
bined basic groups in the amino acids arginine, lysine, and histidine 
as the source of the acid-combining capacity, and to the un- 
combined acid groups of tyrosine, aspartic, glutamic, and £- 
hydroxyglutamie acids as the source of the base-combining 
capacity of the proteins when in aqueous solution, it would logic- 
ally follow that the optical rotation changes of a protein should 
mirror the rotation changes with pH of these amino acids. 

Data on the optical rotation of most of the amino acids just 
mentioned have recently been published by Lutz and Jirgenson (8). 
However, a comparison of the rotatory curves of these amino acids 
with those of the proteins shows that the protein curves can only 
partially be explained in terms of the effect of the basic and acid 
amino acids. The best correlation is with the dicarboxylic amino 
acids. The acids, aspartic and glutamic, change rotation in the 
same direction as found for the proteins up to the addition of 1 
equivalent of alkali. With the addition of more alkali, the 
rotation changes toward a dextrorotation. With regard to the 
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proteins, this is in keeping with what would be expected, since the 
apparently stronger acid group—the distal carboxyl—is believed 
to be free in the protein, while the carboxyl a to the amino group is 
considered to be combined. Interestingly enough, the formation 
of an acid amide on the distal carboxyl group in these amino acids 
almost completely eliminates the whole rotatory effect, so that, for 
example, asparagine has almost no rotational change in alkaline 
solution. 

On the other hand, the basic amino acids offer no analogy for the 
rotational changes of the proteins on the acid side of the isoelectric 
point. In acid solution lysine and arginine show only a slight 
rotational change and that in a dextro direction, opposite to what 
would be expected. Histidine shows a very large rotational change 
in both acid and alkali, but again in a dextro rather than levo 
direction. 

SUMMARY 


Curves are given for the change of the optical rotation of egg 
albumin, serum albumin, livetin, and casein in acid and alkaline 
solutions. 


BIBLIOGRAPHY 


Almquist, H. J., and Greenberg, D. M., J. Biol. Chem., 98, 167 (1931). 

. Greenberg, D. M., and Schmidt, C. L. A., J. Gen. Physiol., 7, 287 (1924). 

. Jukes, T. H., and Kay, H. D., J. Exp. Med., 56, 469 (1932). 

. Vies, F., and Vellinger, E., Compt. rend. Acad., 180, 439 (1925). 

Bogue, R. H., and O’Connel, M. T., J. Am. Chem. Soc., 47, 1694 (1927). 

. Kraemer, E. O., and Fanselow, J. R., J. Physic. Chem., 32, 894 (1928). 

. Greenberg, D. M., and Schmidt, C. L. A., Proc. Soc. Exp. Biol. and Med., 
21, 281 (1924). Chapman, L. M., Greenberg, D. M., and Schmidt, 
C. L. A., J. Biol. Chem., 72, 707 (1927). Rawlins, L. M. C., and 
Schmidt, C. L. A., J. Biol. Chem., 82, 709 (1929). Cohn, E. J., and 
Berggren, R. E. L., J. Gen. Physiol., 7, 45 (1924). Cohn, E. J., Physiol. 
Rev., 6, 349 (1925). 

8. Lutz, O., and Jirgenson, B., Ber. chem. Ges., 63, 448 (1930) ; 64, 1221 (1931). 


NOOR 


CAROTENE 
VIII. SEPARATION OF CAROTENES BY ADSORPTION 
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The discovery that carotene isolated from many natural sources 
is a mixture of isomeric hydrocarbons (principally a- and 8-caro- 
tene) has stimulated a search for methods whereby carotene 
mixtures may be separated and the components recovered in 
crystalline form. In view of the few characteristic and reversible 
reactions of the carotenoids, methods of separating carotenes 
based upon chemical reactions have proved unsatisfactory (1). 
Several methods have been developed for separating a- and §- 
carotene by means of adsorption but none of these has proved 
entirely satisfactory because of the small quantities of crystalline 
carotene which may be recovered and in some instances because 
of the large quantities of solvent which are required (2). Because 
some promising results had already been obtained by adsorption 
methods, much effort has been expended in this laboratory in a 
search for adsorbents suitable for the separation of carotenoids, 


especially a- and -carotene. 


It has been found that many solid substances adsorb carotene. 
The best adsorbents were metallic oxides, fullers’ earth, charcoal, 
and acidic substances such as bisulfites and zine chloride. It was 
also found that the method of preparation of the adsorbent and 
its previous treatment had a decided effect upon the activity of 
the adsorbent and upon the amount of the adsorbed carotene 
which could be removed without having undergone marked 
alteration. Many metal oxides (manganese dioxide, lead per- 
oxide, and chromic oxide) exhibited a decided tendency to oxidize 
the adsorbed carotene, fullers’ earth destroyed much of the 
adsorbed carotene as already noted by others (2), charcoal held 
a portion of the carotene very tenaciously, so that the yields of 
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liberated carotene were small, and substances of an acid nature 
destroyed most of the adsorbed carotene. 

Two different procedures were used to separate carotenes by 
adsorption. One method comprised addition of adsorbent to a 
solution of the carotene mixture until an amount of carotene equal 
to the most strongly adsorbed carotene (8-carotene) had been 
adsorbed (1). According to the other method, solutions of the 
carotene mixture were passed over columns composed of the 
finely divided adsorbent (Tswett columns) (3, 4). Of these 
two procedures, the latter proved the more satisfactory. 

All the materials which adsorbed carotene adsorbed a-carotene 
somewhat less readily than 6-carotene, and the latter in turn less 
readily than lycopene and the other known isomers of carotene. 
Hence, when a solution containing a mixture of carotenes is passed 
over a column containing slightly less than enough adsorbent to 
retain all the carotene, the first portions of the solution which 
pass through contain pure a-carotene. The §-carotene remains 
on the column and the other carotenoids appear as narrow bands 
at the top of the column. By removing the latter, the 8-carotene 
remaining on the adsorbent can be eluted without removing the 
bulk of the adsorbent from the column. This prevents undue 
exposure of the adsorbed carotene to the air so that, with the best 
adsorbents, 50 to 70 per cent of the adsorbed carotene can be 
recovered in crystalline form. 

Of the numerous adsorbents utilized for the separation of caro- 
tenes, magnesium oxide possesses the greatest number of desirable 
properties.'_ This oxide exhibits a very high resolving power for ° 


1 The adsorption capacity of magnesium oxide depends, to a large extent, 
upon its method of preparation. Thus, oxide prepared by combustion 
of the metal is a poor adsorbent, oxide prepared by rapid calcination of the 
basic carbonate is only a moderately good adsorbent, while the oxide pre- 
pared from magnesium hydroxide under suitable conditions is a most 
satisfactory adsorbent. The California Chemical Corporation, Newark, 
California, has very kindly made a series of preparations of magnesium ox- 
ide from which a highly active one has been selected, which permits a ready 
separation of the carotenes with a minimum of decomposition, and from 
which the adsorbed carotene can be easily eluted with petroleum ether 
andethanol. This magnesium oxide is sold under the trade name of Micron 
Brand magnesium oxide No. 2641. We are indebted to Mr. Max Y. Seaton 
and the California Chemical Corporation for their generous cooperation 
in the manufacture of the magnesium oxide preparations. 
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different carotenes, so that each carotene separates as a single 
and distinct band or zone on the magnesium oxide Tswett column. 
In contrast to charcoal, the position of these bands is readily 
visible on the white magnesium oxide. Unlike litharge, mag- 
nesium oxide exhibits no oxidizing properties. Magnesium oxide 
exhibits unusually strong adsorbing powers, so that only small 
amounts of adsorbent and of solvent are required for the separa- 
tion of comparatively large amounts of carotene. In this respect, 
magnesium oxide is a much better adsorbent than the samples of 
calcium oxide and hydroxide which have been used in this lab- 
oratory. An additional advantage in the use of magnesium oxide 
is the ease with which the adsorbed carotenes may be removed 
by elution with petroleum ether containing ethanol, whereas this 
is not the case with charcoal, fullers’ earth, and many other 
adsorbents. After elution of the carotene, the magnesium oxide 
may be returned to its original state of adsorption activity by 
drying in an oven at 110—150°. 

The a- and #-carotenes isolated from carrot roots and from 
palm oil by the methods described above were identical with 
similar components isolated from carrot roots and from leaves 
by other methods (1, 2, 5, 6). When the a- and #-carotenes 
were mixed, a product was obtained which was identical with 
untreated carrot root carotene of similar rotation (5). These 
observations indicate that the carotene components had not been 
altered by the adsorption process. 

A small quantity of y-carotene, as determined by its absorption 
spectrum, was always isolated from carrot root carotene and from 
palm oil carotene by adsorption on magnesium oxide. Smaller 
quantities of other colored substances were also found associated 
with the y-carotene. No indication of the presence of a com- 
ponent of carrot root carotene less readily adsorbed than a-caro- 
tene (4) was obtained with any of the adsorbents described in this 
paper, and, with the exception of the small portion of the carotene 
adsorbed with the y-carotene at the top of the magnesium oxide 
columns, no evidence was obtained for the presence of carotene 
isomers other than a- and #-carotene in carrot root carotene. 
Palm oil, on the other hand, contained a small amount of a yellow 
carotenoid which was but slightly adsorbed on magnesium oxide. 
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Preparation of the Tswett Adsorption Columns—These columns 
were prepared in Pyrex glass tubing, one end of which was con- 
stricted and sealed to a smaller piece of tubing. A large wad of 
cotton was placed in the constricted portion of the tubing and 
pressed into place. The adsorbent was then added in small por- 
tions, each of which was pressed firmly by means of a metal disk 
affixed toa rod. The most even packing was obtained by the use 
of a disk but slightly smaller than the glass tubing. When a 
sufficient quantity of adsorbent had been packed into the tubing, 
the latter was attached to a suction flask. The solution was then 
permitted to percolate through the column, rapid filtration being 
induced by the application of vacuum pressure. The solute was 
adsorbed on the top portion of the column and the clear solvent 
passed through. Fresh solvent was then added so that the ad- 
sorbed material was slowly washed through the column. With 
the most satisfactory adsorbents, adsorbed carotene separated as 
yellow bands. Each zone of adsorbed pigment was removed from 
the glass tubing and the carotene removed by elution with petro- 
leum ether and ethanol. In some instances, as with a- and f- 
carotene as noted above, it was more desirable to adjust the quan- 
tity of adsorbent so that one of the adsorbed materials might be 
washed through the column, thus eliminating the necessity of 
removing the adsorbent from the glass tubing. _ 

When finely divided adsorbents were packed into columns, 
the filtration rate of the column was exceptionally low. This 
difficulty was overcome by thoroughly mixing the adsorbent with 
heat-treated siliceous earth (Hyflo Super Cel, manufactured by 
Johns-Manville). The siliceous earth did not adsorb carotene 
and, in addition to increasing the rate of filtration, permitted a 
very even filtration. 

Separation of Carotenes on Magnesium Oxide—(a) Magnesium 
oxide (Micron Brand No. 2641, 36.5 gm.) was intimately mixed 
with siliceous earth (Hyflo Super Cel, 36.5 gm.) and packed into 
a column 4 em. in diameter by 9.25 cm. deep. Carrot root caro- 
tene (first crops (7), 307.8 mg., [a], = +54°, in benzene) was 
dissolved in petroleum ether and passed over the column of mag- 
nesium oxide. All the carotene was adsorbed on the first 4 cm. 
of the column which was then washed with petroleum ether until 
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the a-carotene was carried into the collecting flask. The solution 
was evaporated and the a-carotene recrystallized from n-heptane. 
Weight, 30.3 mg. M.p., 184°, corrected. Per cent of total 
a-carotene recovered, 59.6. 

CywHss. Calculated. C 89.48, H 10.52 


Found. ** 89.45, 10.48 
89.43, 10.41 


»  +0.71 15.0 
1.00 0.0303 


Absorption Mazima* (A.) 


= +351° + 11° (in benzene) 


* These absorption maxima and those reported below were determined 
visually with a Bausch and Lomb No. 2750 photometer and No. 2700 spec- 
trometer. The light source was a 400 watt Mazda spot-light lamp. 


After removal of the a-carotene, the column was washed with 
about 3 liters of petroleum ether from which 25.0 mg. of crystalline 
carotene were recovered. [a],.,, = +159° (in benzene). This 
contained 22.4 per cent of the total a-carotene. 

A small band of strongly adsorbed carotene was scraped from 
the top of the column. The carotene remaining on the bulk of the 
magnesium oxide was eluted with petroleum ether and ethanol.? 
The solution of the eluted carotene was evaporated and the 
B-carotene recrystallized from n-heptane. Weight, 95.9 mg. 
M.p., 178°, corrected. 

CywHss. Calculated. C 89.48, H 10.52 


Found. “ 89.46, “ 10.50 
“ 89.45, “ 10.54 


» 0002x300 
Too x 0.0959 0° + 5° (in benzene) 
Absorption” Maxima (A.) 


2 Upon eluting adsorbed carotene from magnesium oxide with petroleum 
ether and ethanol, it was observed that the eluted carotene occasionally 
crystallized on the magnesium oxide. The crystalline carotene was easily 
removed or its crystallization prevented by the addition of some quantity 
of chlorinated solvent to the petroleum ether. 
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The carotene was eluted from the magnesium oxide which had 
been removed from the top of the column. The solution was 
washed free of ethanol with water and passed over a column of 
less strongly adsorbing magnesium oxide (Merck, c.p.). The 
carotene then separated into five distinct bands, indicating the 
presence of at least five pigments. 

(b) Carrot root carotene, obtained by saponification of mother 
liquors (7) (2.20 gm.., [a],.,, = +-142°, in benzene) was dissolved in 
petroleum ether (2 liters) and the solution passed over a column 
4.6 X 30.6 cm., containing magnesium oxide (150 gm.) and Hyflo 
Super Cel (150 gm.). The carotene was separated as described 
above. Instead of crystallizing the carotene of intermediate 
rotation, the solution was concentrated and passed over a fresh 
column of magnesium oxide (50 gm.) and Hyflo Super Cel (50 gm.), 
4 X 13.5 em. The respective carotenes were combined and 
crystallized from n-heptane. Weight of a-carotene, 0.5836 gm. 
M.p., 184.5°, corrected. Per cent of total a-carotene recovered, 
65.2. 


CyoHsc. Calculated. C 89.48, H 10.52 
Found. ** 89.46, 10.52 


»  +0.864 x 15.0 
1.00 0.0371 


The crystalline 8-carotene weighed 0.6985 gm. M.p., 179.5°, 
corrected. Per cent of the total 8-carotene recovered, 53.4. 


Calculated. C 89.48, H 10.52 
Found. 89.55, 10.50 
89.45, 10.52 


= +349° + 11° (in benzene) 


0.00 x 15.00 


=° or 
[oeleors 1.00 x 0.0401 0° + 8° (in benzene) 


The strongly adsorbed carotene remaining at the top of the 
column was eluted and separated on magnesium oxide (Merck) 
as described under (a). The separate bands were eluted and 
recrystallized from n-propanol and from n-heptane. The absorp- 
tion curve of the carotene obtained from the band third from the 
top of the column was determined in n-heptane solution? The 


3 Determined with a photoelectric spectrophotometer constructed by 
Dr. J. H. C. Smith. 
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shape of the curve and the wave-lengths at maximum absorption 
(4220, 4360, 4710, and 4900 A.) and at minimum absorption 
(4450 and 4810 A.) were identical with those reported by Kuhr 
and Brockmann for y-carotene in hexane solution (8). 

(c) Palm oil from Sumatra,‘ 1 part, was dissolved in 2 parts of 
ethanol (absolute) and 1 part of petroleum ether and the solution 
treated with 0.3 part of potassium hydroxide. After 1 hour at 
40°, water (0.25 part) was added. After 2 hours at 40°, water 
(0.25 part) was added and the solution kept at 40° for 2 hours longer. 
The solution was then diluted with 2 to 3 parts of water. Suf- 
ficient petroleum ether was added to cause the separation of two 
layers. These were separated and the aqueous layer extracted 
twice with petroleum ether. The combined petroleum ether 
layers were extracted five times with ethanol (80 per cent) and 
finally five times with water. After dehydration, the petroleum 
ether solution of the carotenoids was concentrated to a small 
volume and passed over a column of magnesium oxide and siliceous 
earth. A small portion of the carotene passed over the magnesium 
oxide with very little adsorption. This solution was collected 
and concentrated to a small volume. In addition to a carotenoid 
having absorption maxima below 4000 A. in both carbon disulfide 
and n-heptane, the solution contained a large amount of colorless 
material which separated in the form of waxy crystals. The bulk 
of the palm oil carotene appeared to consist of a- and f-carotenes 
which were adsorbed on magnesium oxide in normal fashion. 
After elution, the a- and §-carotenes were crystallized and washed 
thoroughly with hot methanol. From 2 liters of palm oil there 
were thus obtained 21.0 mg. of a-carotene. M.p., 184°, corrected. 


CwHss. Calculated. C 89.48, H 10.52 
Found. “ 99.48, “ 10.52 
“ 89.43, “ 10.53 


+0.949 X 15.0 


= +339° + 8° (in benzene) 


The 6-carotene obtained from 2 liters of palm oil weighed 37.5 
mg. M.p., 179.5°, corrected. 


‘ The palm oil was kindly contributed by Mr. D. C. Ingraham of Durkee 
Famous Foods, Inc., Berkeley, California. 
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CywHss. Calculated. C 89.48, H 10.52 


Found. 89.56, “ 10.48 
“89.47, “ 10.49 


1.00 X 0.0375 


The palm oil also contained a small amount of strongly adsorbed 
carotene which could be resolved into five to seven components 
when adsorbed on a column of Merck’s magnesium oxide as 
described under (a) and (6). 

Separation of Carotenes from Other Pigments with Magnesium 
Oxide—It has been found that carotenes are readily separated 
from lycopene on a Tswett column of magnesium oxide. An 
extremely rapid separation is effected when benzene is used as 
solvent, but under these conditions the carotenes are so slightly 
adsorbed that they themselves are not separated. The adsorbed 
lycopene may be eluted with petroleum ether and ethanol, benzene 
and ethanol, or with a chlorinated solvent such as dichloroethylene 
and ethanol. 

An important observation pertaining to the isolation of caro- 
tenes from leaves by the use of magnesium oxide has been made. 
It has been found that a petroleum ether extract of leaf material 
can be passed directly over magnesium oxide with the result that 
the carotenes present are separated from other pigments (chloro- 
phylls and xanthophylls which are very strongly adsorbed). 
Continued washing of the adsorbed pigments with petroleum ether 
results in the separation of the carotenes, one from another, as 
described above. Thus, in a single operation, it is possible to 
separate leaf carotenes from other pigments and to determine 
whether one or several carotenes are present. By this method, 
the leaves of the poppy, Eschscholtzia californica, Chamiso, have 
been found to contain only 6-carotene, while the leaves of the 
laurel, Umbellularia californica, Nuttall, of sweet clover, Melilotus 
alba, Desvaux, and of the redwood, Sequoia sempervirens, End- 
licher, have been found to contain both a- and 8-carotenes. Fur- 
ther work on this application of the magnesium oxide method 
is in progress. 

Separation of Carotene on Lead Oxide—A solution of carotene 
(35.6 mg., [a] ;\,, = +192°, in benzene) in petroleum ether (30 ml.) 
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was passed over a column (4 X 26.5 em.) composed of litharge 
(480 gm.) and siliceous earth (100 gm.). The adsorbed carotene 
was washed with petroleum ether until the a-carotene had been 
carried through the column. The percolate was evaporated 
and the a-carotene recrystallized from n-heptane. Weight of 
a-carotene, 10.1 mg. M.p., 181.5-182.5°, corrected. 


CwHsse. Calculated. C 89.48, H 10.52 


Found. ** 88.47, “ 10.43 
* 88.53, “ 10.46 
 +0.460 x 15.0 
Absorption Maxima (A.) 

4580 4880 


The carotene remaining on the column was removed by washing 
with dichloromethane and recrystallized from n-heptane. Weight, 
10 mg. M.p., 178°, corrected. It appeared to be contaminated 
with oxidized carotene. 

Separation of Carotene on Charcoal. With Dichloromethane— 
A solution of carotene (164.4 mg., [a]*,, = +-203°, in benzene) in 
dichloromethane (15 ml.) was passed over a column of charcoal 
(norit, 25 gm.) and siliceous earth (50 gm.).6 The column was 
washed with fresh solvent until 250 ml. of carotene solution had 
been collected in the receiving flask. This was evaporated and 
the residual carotene recrystallized from n-heptane. Weight of 
carotene, 28.0mg. M.p., 182.5°, corrected. 

CyHss. Calculated. C 89.48, H 10.52 


Found. “ $9.50, “ 10.51 
99.44, “ 10.51 


+0.635 X 15.0 


= 100 0.0280 +340° + 13° (in benzene) 


5 Generous contributions of chlorinated solvents were made by the R. and 
H. Chemicals Department of E. I. du Pont de Nemours and Company, Inc. 

6 Exposure to air of carotene adsorbed on charcoal apparently resulted 
in the oxidation of the carotene, for the latter could not then be eluted in the 
usual manner. 
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Absorption Maxima (A.) 


4472 = 4753 


Further washing of the column with dichloromethane (3500 
ml.) removed 23.5 mg. of carotene, = + 149°, in benzene. 

With Petroleum Ether and Dichloromethane—A solution of 
carotene (277.0 mg., [a]... = +80°, in benzene) in petroleum 
ether (200 ml.) was passed over a column (4 X 12 cm.) composed 
of charcoal (norit, 25 gm.) and siliceous earth (35 gm.). Although 
the column was washed with petroleum ether (1000 ml.), the 
washings did not contain any carotene. The column was then 
washed with dichloromethane (1000 ml.) which removed 20.8 
mg. of carotene. M.p., 180.5-181.5°, corrected. 


+0.462 X 15.0 


[oe] ice = "100 x 0.0208 = +333° + 14° (in benzene) 


Absorption Maxima (A a 


4471 4753 


Further washing of the column with dichloroethylene (650 ml.) 
removed 27.5 mg. of carotene, fal... = +117°, in benzene. 

With Dichloroethylene—A solution of carotene (200.0 mg., 
[a]ée:; = +80°, in benzene) in dichloroethylene (6 ml.) was passed 
over a column (4 X 11 cm.) composed of charcoal (norit, 25 gm.) 
and siliceous earth (35 gm.). The column was then washed with 
fresh portions of dichloroethylene. The first portions of the 
filtrate containing carotene were collected separately, evaporated, 
and the carotene recrystallized from n-heptane. Weight, 11.5 
mg. M.p., 180.5°, corrected. 


CyHss. Calculated. C 89.48, H 10.52 
Found. ** 89.43, “ 10.51 


+0.340 X 15.0 


= 0.0145 ~ 1302” + 18° (in benzene) 


Absorption Maxima (A .) 


4480 4749 
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Other Methods for Separation of Carotenes—a-Carotene has been 
separated from carotene mixtures dissolved in petroleum ether 
by adsorption on columns composed of the following substances: 
fibrous alumina, barium oxide, calcium oxide, calcium hydroxide, 
charcoal (norit), fullers’ earth, lead hydroxide, basic lead car- 
bonate, lead sulfide, mercuric chloride, and mercurous chloride. 
When solutions of carotene mixtures in the following solvents 
were passed over columns composed of charcoal and siliceous 
earth, a-carotene was found to be concentrated in the first portions 
of the percolate: benzene, carbon tetrachloride, 1,2-dichloro- 
ethane, and trichloroethylene. 

Several attempts were made to separate a- and #-carotene in 
petroleum ether and dichloromethane solutions by adding suf- 
ficient charcoal to adsorb slightly more than all the 6-carotene 
present in the mixture. However, when the non-adsorbed caro- 
tene was recovered, its specific rotation was only slightly greater 
than that of the original carotene mixture. Similar results were 
obtained by this method with magnesium oxide and petroleum 
ether. 

Since fullers’ earth adsorbs 8-carotene much more readily than 
a-carotene, attempts were made to decrease the destructive action 
of this adsorbent towards carotene (2) by treating the adsorbent 
with ammonium hydroxide and drying in air at room temperature 
and at 100°. Although some improvement was obtained in the 
properties of the fullers’ earth, satisfactory separations of a-caro- 
tene were difficult to obtain. The use of fullers’ earth in the form 
of a column with chlorinated hydrocarbons as solvents also gave 
unsatisfactory results. 

Hydralo, a commercial desiccant,’ was found to adsorb carotene 
even more strongly than fibrous alumina, but, as is the case with 
the latter, the a-carotene was adsorbed nearly as readily as 6- 
carotene, so that this adsorbent was quite unsatisfactory for the 
resolution of carotene mixtures. In view of its strong adsorbing 
powers and the ease with which the adsorbed carotene is removed 
by ethanol in the presence of petroleum ether, hydralo has been 
found to be especially useful in separating carotenoids from less 


7 Manufactured by J. T. Baker Chemical Company, Phillipsburg, New 
Jersey, 
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readily adsorbed impurities. It is also a very satisfactory adsor- 
bent for the separation of carotenes from lycopene. 

Nature of Carotenes Isolated by Adsorption Methods—Since 
carotenes are easily altered by weak chemical reagents and by 
many adsorbents, it may be asked whether or not a- and 6-carotenes 
occur as such in natural products or whether these carotenes are 
the result of the action of the adsorbent on other polyenes. The 
fact that a-carotene, isolated from different sources and by differ- 
ent methods, always exhibits identical properties indicates that 
a-carotene is a homogeneous substance. This was further con- 
firmed by melting point determinations of mixtures of the a-caro- 
tene preparations described above. No depression of the melting 
points was observed. By similar methods 8-carotene was also 
shown to be a homogeneous substance. Quantitative measure- 
ments of the absorption spectra of a- and #-carotene isolated 
by the methods described in this paper proved the identity of these 
substances with a- and 6-carotene separated from other sources 
and from carrot root carotene by other methods. When equal 
parts by weight of a- and 8-carotene prepared by different methods 
were dissolved in dichloromethane and the solvent evaporated 
under reduced pressure, crystals were obtained which melted at 
160—162°, corrected. This, in conjunction with the melting point 
determinations of Smith and Milner (5), supports the contention 
that a- and §-carotene occur as such in natural products and that 
they are not altered by the adsorption process. 


SUMMARY 


Magnesium oxide has proved to be an exceptionally good 
adsorbent for the separation of a- and 6-carotenes. This oxide 
may also be used for the separation of carotenes from other pig- 
ments such as lycopene and the chlorophylls and xanthophylls. 
It is well suited for the isolation of carotenes from natural products 
without the necessity of first crystallizing the carotene. 

Hydralo is an excellent adsorbent for separating carotenes 
from lycopene and from many naturally occurring waxes. 

Very pure preparations of a- and 6-carotene have been obtained. 
It is shown that these occur in plants and are not the result of the 
action of adsorbents on materials extracted from plants. 


XUM 


H. H. Strain 535 


The writer is indebted to Dr. H. A. Spoehr and Dr. J. H. C. 
Smith for many helpful suggestions. Mr. H. W. Milner carried 
out the elementary microanalyses. 
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The term metabolic products was apparently introduced as 
early as 1884 by investigators in the laboratory of Carl Voit (5) 
to designate that fraction of the fecal matter not traceable to the 
food. It obviously must consist of the unabsorbed secretions and 
excretions of the alimentary canal, or of the bacterial cells that 
have subsisted upon them. The nitrogen contained in these 
metabolic products is commonly called metabolic nitrogen. The 
selection of these terms is not particularly fortunate in so far as 
they imply that the metabolic products of the feces are end-prod- 
ucts of metabolism, and they are used in this report merely 
because no other terms in common usage have been applied to the 
fecal dry matter and nitrogen of body origin. 

The metabolic nitrogen in the feces must be measured, or esti- 
mated by some reliable method, in the determination of the actual 
digestibility of dietary protein. In the determination of the 
biological value of protein, its actual digestibility must be assessed. 
The ordinary coefficients of digestibility of protein, based upon 
the assumption that all of the fecal nitrogen represents undigested 
food, may be considerably in error. Mendel and Fine (1) found 
with dogs that the actual digestibility of such proteins as those of 
meat, soy beans, and navy beans may be 10 to 12 per cent higher 
than their apparent digestibility as determined in the ordinary 
manner; so that a coefficient of apparent digestibility of 89 may 
actually mean complete digestibility of a protein. Human feces, 
produced upon an ordinary mixed diet, consist almost entirely 
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of metabolic products, and have been called normal feces (6). 
The composition of normal feces is not appreciably affected by 
differences in diet if no considerable amounts of indigestible 
vegetable foods are included. 

Various biochemical methods have been proposed for the 
separation of the metabolic nitrogen in the feces from the undi- 
gested food nitrogen. Such methods are based upon doubtful 
assumptions, and, particularly when applied to the feces produced 
from difficultly digestible diets, overestimations will be inevitable, 
both in the metabolic nitrogen in the feces and the actual digesti- 
bility of the dietary protein, because the enzymic digestions to 
which the prepared feces are subjected are carried out under much 
more favorable conditions than those obtaining in the proximal 
segments of the intestinal canal ((2) p. 34). 

A close relation between the excretion of metabolic nitrogen in 
the feces and the amount of total dry matter consumed from 
rations free of crude fiber was established by the author in experi- 
ments undertaken for the purpose of defining the best conditions 
for the determination of the biological value of proteins (3). This 
work was done entirely upon rats, but it was later shown (2), from 
a study of published data on the subject, that the relation holds 
for other animals as well (man, dog, and pig). The remarkable 
fact was brought out that, for rations low in indigestible material, 
the rat, dog, pig, and man excrete approximately 0.2 gm. of 
metabolic nitrogen per 100 gm. of dry matter consumed. This 
ratio can evidently be raised by incorporating larger amounts of 
fiber in the ration. 

However, from the numerous rat experiments made in the 
Division of Animal Nutrition of the University of Illinois, it was 
apparent that other factors than the dry matter intake and its 
crude fiber content modified the excretion of fecal nitrogen on a 
nitrogen-free diet. In particular, when the intake of dry food was 
low, less than 4 per cent of the body weight of the rat, larger 
excretions of metabolic nitrogen per 100 gm. of food consumed 
were, as a rule, observed; for intakes up to 8 per cent of the body 
weight the ratio was practically constant, while at higher levels a 
slight decrease in the ratio was observed ((2) p. 26). It was con- 
cluded that, “some of the nitrogenous constituents of bile, and 
possibly of other juices secreted into the alimentary canal, bear 
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no relation to digestion, being true metabolic excreta. To the 
extent that these compounds are found in the feces, one might 
expect the amount of metabolic nitrogen excreted in the feces per 
day to be related to the size of animal, rather than to the amount 
of food consumed,” but that, “the so-called ‘metabolic’ nitrogen 
of the feces consists predominantly of nitrogenous waste products 
of digestion, rather than of metabolism,” under ordinary conditions 
of feeding. 

Schneider (7) has extended these investigations of the factors 
determining the metabolic nitrogen in the feces, and has been able 
to show clearly that two distinct fractions do in fact exist. One 
fraction is constant for each animal, but varies among different 
animals roughly in proportion to size. This is the truly excretory 
fraction, and would be represented by the fecal material produced 
during fasting. The other fraction is variable in proportion to 
the intake of dry matter. This fraction is a true digestive waste. 
The excretory fraction of the metabolic nitrogen is so small that on 
amounts of food permitting maintenance of weight or growth, its 
effect on the ratio of total metabolic nitrogen to dry matter con- 
sumed is inappreciable, the ratio at these levels of intake being 
practically constant, even up to very high intakes of dry matter. 

Schneider was also able to confirm the observation of other 
investigators (1) that the ratio of metabolic fecal nitrogen to dry 
matter consumed varies directly with the intake of indigestible 
non-nitrogenous matter. E. Voit (8) has recently raised the 
question whether variation in the intake of digestible protein, 
carbohydrate, and fat will produce variation in the excretion of 
metabolic nitrogen in the feces. In an attempt to solve this 
problem, Voit has compiled the results from a selected number of 
published experiments, mainly on dogs, and has studied the rela- 
tions shown between the metabolic fecal nitrogen, expressed in 
mg. per sq. m. of body surface, and the food intake, the caloric 
value of which is expressed in per cent of the total caloric require- 
ment of the animal; the food intakes in the different experiments 
varied widely in their contents of protein, carbohydrate, and fat. 
In spite of the difficulties in estimating the total caloric require- 
ments—and the manner of doing so is very incompletely described 
—certain relationships were more or less definitely established. It 
was shown that, for any type of diet, the greater the intake the 


| 
XUM 


540 Effect of Fat and Carbohydrate Diet 


greater the excretion of metabolic nitrogen in the feces, and also 
that the relationships are roughly linear. However, the ratios 
of metabolic fecal nitrogen per sq. m. to the energy intake in per 
cent of the requirements, measuring the slopes of the lines defining 
the relationships, differed for the different nutrients, averaging 
3.62 for protein, 3.32 for starch, 2.68 for sugar, and 0.48 for fat. 
No great significance is attached by Voit to the differences among 
the ratios for protein, starch, and sugar, but the great difference 
between these ratios and that for fat is marked and of undoubted 
significance. 

This distinction between fat on the one hand and protein and 
carbohydrates on the other is not necessarily contrary to the 
conclusion that the digestible organic nutrients stimulate the 
excretion of metabolic nitrogen in the feces in proportion to their 
dry matter content, since the dry matter per available calorie of 
fat is so much smaller than the dry matter per available calorie 
of either protein or carbohydrates. An exact test of the latter 
conclusion from Voit’s data is impossible, since the dry matter 
contents of the diets are not recorded. The basis of Voit’s calcu- 
lations, in so far as it assumes that the feces-forming propensities 
of the food nutrients vary with their physiological fuel values, 
seems theoretically faulty, if, as seems true, the metabolic nitrogen 
in the feces represents, in the main at least, a waste product of 
digestion rather than of metabolism. 


Object of Experiment 

However, since Voit’s problem has not been submitted to 
effective experimentation, in the sense that the plan was adapted 
as closely as possible to the requirements of the problem, an at- 
tempt to do so with the albino rat as the subject was made during 
the last year in this laboratory. The particular phase of the 
problem studied was the comparative effects of fat and starch upon 
the excretion of metabolic nitrogen. That digestible protein has 
the same effect upon this excretion, per gm. of dry matter con- 
sumed, as does starch was shown in earlier publications from this 
laboratory; neither the ingestion of lactalbumin ((3) p. 890) nor 
of dried and ether-extracted egg and pork (4) increasing the 
excretion of fecal nitrogen per gm. of dry matter consumed above 
that on a nitrogen-free diet. 
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EXPERIMENTAL 


For this experiment, two rations were prepared, one high in 
starch and the other high in fat. Their formulas are given in 
Table I. Each ration was made up in two portions, one a small 
portion containing 2 per cent of ferric oxide (Fe,O;) to be fed the 
lst day of the experimental period and the Ist day following the 
termination of this period, and the other a large portion contain- 
ing 2 per cent of barium sulfate to be fed throughout the experi- 
mental period except for the lst day. The ferric oxide proved to 
be an excellent feces marker when used in combination with barium 


TaBLeE I 
Experimental Rations 


Constituents carpe: | High fat diet 
per cent per cent 
Harris vitamin concentrate.................... 0.3 0.3 
Marker: BaSO, or Fe.O3.................00005: 2 2 


* The modified Osborne and Mendel salt mixture suggested by Wesson 
(Wesson, L. G., Science, 75, 339 (1932)). 


sulfate in the manner described, confirming the previous experience 
of Schneider (7). The diets contained from 4 to 4.5 per cent of 
crude protein, mainly from whole egg, which Mitchell and Carman 
(4) have shown to be completely digestible by the rat. Somewhat 
unfortunately for the purpose of the experiment, the high fat diets 
were found to be lower in moisture than the high carbohydrate 
diets; 7.e., 1.13 per cent as compared with 7.05 per cent. 

The paired feeding method was followed in this work. Seven 
pairs of rats, in the later stages of their growth period, were used. 
One rat in each pair received the high carbohydrate diet and one 
rat the high fat diet, the intake of food being equalized in each pair 
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II 


Relation between Dry Matter Consumed and Excretion of Metabolic Nitrogen 
and Dry Matter 


i 

Paired rats; first test 

gm days gm gm cent | ™- oe mg. mg. 

11 222] 10 | Carbohydrate |33.04/2.508) 3.35) 84 | 2.37) 2.54) 76 
12 o| 242 10 | Fat 34.97|3.713) 2.50) 93 | 5.05) 2.65) 106 
14 202| 7 | Carbohydrate |25.55)2.003) 3.53) 71 2.79} 78 
15 215 7 | Fat 27.06/2.408) 2.85) 69 | 5.09) 2.54) 89 
17 180 | 11 | Carbohydrate |41.89)2.915) 3.25) 95 2.26; 70 
18 180} 11 | Fat 44.31/4.517, 2.22) 100 | 5. 2.26) 102 
20 170 | 7 | Carbohydrate |24.61)1.646| 3.70} 61 | 2.63) 2.47) 67 
21 | 174 7 | Fat 26.07|2.640) 2.61) 69 | 5.45) 2.64) 101 
23 1388 | 10 | Carbohydrate |34.88|2.067) 3.41) 70 | 2.24) 2.02} 59 
24 157 | 10 | Fat 36.94/3.063) 2.24) 69 | 4.82) 1.86) 83 
32 9| 164 9 | Carbohydrate |33.51/2.238! 3.62} 81 | 2.38) 2.42) 67 
33 9} 155 9 | Fat 35.41/2.813) 2.54) 71 | 3.28] 2.02) 79 
Significant aver- | Carbohydrate 3.48 2.41) 2.42) 69 
ages Fat 2.49 4.86} 2.33) 93 

Paired rats; second test 

11 227 8 | Carbohydrate |36.98/2.681) 3.40) 91 | 2.39) 2.47) 73 
12 o| 243 8 | Fat 35.54/3.163) 2.70) 85 | 4.68) 2.40) 89 
14 204 8 | Carbohydrate |31.39/2.306| 3.99) 92 | 2.62) 2.93) 73 
15 218 8 | Fat 32.27/2.825) 2.93; 83 | 4.93] 2.57; 88 
17 #179 | 8 | Carbohydrate |26.73/1.894/ 3.46) 65 | 2.29) 2.45) 71 
18 187 | 8 | Fat 26. 80/2.239| 2.75) 62 | 4.86) 2.30) 84 
20 8 | Carbohydrate |29.53/2.170) 3.80} 82 | 2.79) 2.79} 73 
21 186 | 8 | Fat 30 .67|3.237| 2.69} 87 | 5.38) 2.84) 106 
23 9| 153 8 | Carbohydrate |36.98/2.495| 3.39) 85 | 2.68) 2.29) 67 
24 9} 161 8 | Fat 39.19|3.648| 2.52) 92 | 5.23) 2.34) 93 
29 228 8 | Carbohydrate |23.94)1.991) 3.80) 76 | 2.92) 3.16) 83 
30 244 8 | Fat 24. 83/2.506| 3.18} 80 | 4.63) 3.21) 101 
32 9] 162 8 | Carbohydrate |35.12|/2.363) 3.37) 80 | 2.90) 2.27; 67 
33 9| 166 8 | Fat 36 .67|3.447| 2.36) 81 | 4.92} 2.22) 94 
Significant aver- | Carbohydrate 3.60 2.66) 2.62) 72 
ages Fat 2.73 4.94) 2.55) 94 
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TaBLe II—Concluded 


Total N in dry feces Fecal N ro 

Animal | Average dry | Weight Energy | P®t 8™- | per gm. 

No.and | body, | attr [of dried |__| per em.| matter | 

Weight sumed | 

Unpaired rats fed carbohydrate ration 

gm. days gm gm. |per cent} mg. | calories mg. mg. 
130 223 10 | 59.12 | 4.264 | 3.01 | 128 | 2.23 | 2.17 72 
13 @ | 232 8 | 65.83 | 4.348 | 3.12 | 136 | 2.13 | 2.06 66 
16a | 214 7 | 60.13 | 3.771 | 2.59} 98 | 1.98 | 1.62 63 
16 | 226 8 | 65.83 | 4.103 | 2.71] 111 | 2.28 | 1.69 62 
190 217 11 | 69.88 | 4.553 | 3.04] 138 | 2.21 | 1.98 65 
19 7 | 226 8 | 65.83 | 4.264 | 2.97 | 127 | 2.25 | 1.92 65 
22" | 208 7 | 54.49 | 3.289 | 2.99 98 | 2.24 | 1.80 60 
22 | +215 8 | 65.83 | 4.309 | 3.26) 140 | 2.59 | 2.13 65 
25 9 153 10 | 37.62 | 2.838 | 3.04} 86 | 2.22 | 2.29 75 
25 9 166 8 | 51.35 | 3.364 | 3.36 | 113 | 2.30 | 2.20 66 
310 | 265 8 | 65.83 | 4.822 | 2.90} 140 | 2.35 | 2.12 73 
34 9 167 9 | 52.19 | 3.217 | 3.18 | 102 | 2.38 | 1.96 62 
34 9 174 8 | 57.08 | 3.697 | 3.10 | 115 | 2.14 | 2.01 65 
Significant averages 3.02 2.25 | 2.00 66 


*These weights do not include the hair, which was removed, dried, and 
weighed. In the first test on the paired rats, the amount of hair excreted on 
the high fat ration generally exceeded that excreted on the high carbo- 
hydrate ration, the average weights, reduced to the daily basis, being 31 and 
16 mg., respectively. In the second test, no such tendency was evident; 
the excretion of hair was considerably higher, averaging 65 and 64 mg., 
respectively. The unpaired rats excreted an average of 11 mg. of hair 
daily in their first test, and an average of 70 mg. daily in their second test. 


to that of the rat eating the least, which in all pairs was the rat on 
the high fat diet. Seven pairs of rats were used, and two tests 
were run on six of the pairs. The collection periods in the first 
test varied in length from 7 to 11 days, but in the second test they 
were all of 8 days duration. Seven other rats were fed ad libitum 
on the high carbohydrate diet, two determinations of fecal output 
being run upon six of this group. 

The paired rats did not consume their food well, so that an 
attempt was made to improve their appetites by increasing their 
intake of vitamin B, tikitiki extract being used, at first in doses of 
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3 drops daily, and in the second test, 9 drops daily. In spite of 
this procedure, practically all rats lost weight, the rats on the high 
carbohydrate diet at a much more rapid rate than the rats on the 
high fat diet. The group of rats fed ad libitum, but individually, 
on the high carbohydrate diet, generally maintained their weights, 
though a few lost slightly. It was suspected that the rations were 
deficient in vitamin G as well as vitamin B; but, following the 
second test, no increased intakes of food were secured by giving 
each rat daily from 200 to 400 mg. of autoclaved yeast. 

The feces were collected daily on filter papers placed over the 
bottoms of the pans within which the circular rat cages rested. 
The period collections for each rat were dried at a low tempera- 
ture, ground in a mortar, and the hair separated, either with a 
forceps, or better by leaching with ether. In the latter case, the 
ether was removed by evaporation before analysis of the feces. 
The separated hair was dried and weighed and the weight deducted 
from the first weight of dried feces to obtain the weight of dried 
fecal material. The latter was analyzed for nitrogen by a modifi- 
cation of the Kjeldahl method, and, in cases where enough material 
was available, the heat of combustion was determined in the bomb 
calorimeter. The results of these analyses, together with all 
pertinent data and calculations, are collected in Table II. The 
total dry matter intakes recorded in Table II include the dry 
matter contained in the tikitiki extract given. 


DISCUSSION 


When the paired rats are compared in the two tests, it will be 
noted that, although the consumption of dry matter by the paired 
rats was nearly the same, the rat on the high fat diet formed con- 
siderably more fecal dry matter containing a much lower content 
of nitrogen and a much higher gross energy content per gm. (heat 
of combustion). The fecal dry matter excreted per gm. of dry 
matter consumed averaged, for both tests, 94 mg. for the rats on 
the high fat diet and only 71 mg. for the rats on the high carbo- 
hydrate diet. 20 mg. of these amounts represent the indigestible 
marker contained in the diet. The unpaired rats fed ad libitum 
on the high carbohydrate diet produced an average of 66 mg. of 
fecal dry matter per gm. of dry matter consumed. Evidently 
the fat contained in the high fat diet was in part undigested; its 
digestibility may be estimated roughly at 96.6 per cent. 
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In spite of the greater amount of dry feces produced per gm. of 
dry matter consumed on the high fat diet, the output of fecal 
nitrogen was much the same for the paired rats, averaging, in the 
first test, 2.42 and 2.33 mg. per gm. of dry matter consumed for 
the high carbohydrate and high fat diets, respectively, and in the 
second test 2.62 and 2.55 mg. Evidently the substitution of fat 
for starch in the diet, while it decreases the digestibility, does not 
disturb appreciably the ratio of metabolic fecal nitrogen produced 
per gm. of dry matter consumed. 

The unpaired rats, consuming more dry food daily than the 
paired rats (approximately twice as much), produced appreciably 
less metabolic fecal nitrogen per gm. of dry matter consumed, 
averaging 2.25 mg. This is quite in accordance with the work 
of Schneider, indicating that at low levels of food intake the ratio 
increases, due to the increasing prominence of the excretory frac- 
tion of the metabolic nitrogen that is constant for the individual. 

It appears from this study and from others that, except for food 
intakes below a level approximating the maintenance requirement 
(under certain conditions), the ratio of metabolic fecal nitrogen to 
dry matter consumed is constant for any given diet over a con- 
siderable range of intake. The ratio for different diets, varying 
only in the proportion of proteins, digestible carbohydrates, and 
fats, is the same, but considerable variations in the proportion of 
indigestible material, particularly cellulose or insoluble mineral 
substances, will raise the ratio. The level of dry matter intake 
below which the ratio increases rapidly cannot be definitely located, 
since it varies directly with the size of rat, but apparently does not 
necessarily vary with the calorific value of the food consumed, as 
the experiments just described indicate. Its approximate location 
at about the level of a maintenance diet refers to a predominantly 

carbohydrate diet containing no more than 10 per cent of fat, and 
seems to be entirely fortuitous. 

The constant relation (within wide limits) between the excre- 
tion of metabolic products in the feces and the amount of dry 
matter consumed is understandable if it may be assumed that the 
metabolic products consist, within the above mentioned limits, 
almost entirely of residues from the digestive juices. The volume 
of these juices secreted may bear a close relation to the volume of 

food consumed, and may not, for all the evidence that has been 
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interpreted to the contrary, be greatly affected by the constituents 
in the food. The effect of indigestible constituents in displacing 
this ratio upward, may be the result of two tendencies: (1) to 
retard the absorption of constituents of the digestive secretions, 
and (2) to add to them material abraded from the lower levels of 
the intestines, to which the digestible constituents of the food do 
not attain. 


SUMMARY 


The substitution of fat for starch in a diet does not affect the 
excretion of metabolic nitrogen in the feces, even though the total 
amount of dry fecal material produced is considerably increased 
thereby. 

The ratio of metabolic fecal nitrogen to dry matter consumed is 
increased at levels of food intake that, in a low fat diet, will not 
maintain body weight, apparently because of the increasing 
prominence of a fraction of the metabolic nitrogen which is truly 
a metabolic excretion and which is constant for each individual 
organism. At higher levels of food intake, this fraction is incon- 
siderable in comparison with the fraction representing a wastage 
in digestion, which probably consists of residues of digestive 
secretions. The distinction between these two fractions was first 
clearly made by Schneider. 


The author wishes to express his appreciation of the services of 
Miss Jessie R. Beadles, who took care of the rats throughout these 
feeding experiments. 
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When the synthesis of tyrosinephosphoric acid was accom- 
plished, it was hoped that the method of its preparation might be 
applicable to other hydroxyamino acids. As already mentioned 
in the first communication! of this series, this expectation was not 
realized. The synthesis has now, however, been accomplished 
by a different method. The present communication contains a 
report both on the successful and the unsuccessful experiments, 
for the reason that the intermediate substances prepared in this 
connection may eventually be found useful for other purposes. 

Three general procedures were followed in the attempts to pre- 
pare the serine-3-phosphoric acid: (a) prior to phosphorylation in 
position (3), the amino group of serine was substituted by a group 
which could be removed without causing the hydrolysis of the 
phosphoryl] residue; (b) phosphorylation of the hydroxyl group, 
prior to introduction of the amino group into the 3-carbon chain; 
(c) direct phosphorylation of serine. 

In the course of the first series of experiments, the following sub- 
stances were prepared: carbobenzoxyserine, methylene serine, and 
benzylidene serine. The first two substances were found useless 
for the preparation of serine-3-phosphoric acid; however, their 
preparation will be described in the experimental part in view of 
the fact that they led to observations that have not yet been 
reported in the literature. Thus, on treatment of seriné with 
chlorocarbonic benzyl ester, the small yield of the N-carbobenzoxy 


1 Levene, P. A., and Schormiiller, A., J. Biol. Chem., 100, 583 (1933). 
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derivative was found to be due to the simultaneous formation of 
the disubstituted derivative. 

In the case of the preparation of the formaldehyde derivative 
of the ethy! ester of serine, a substance of the elementary composi- 
tion of C,,H,s0sN2 was obtained in addition to the substance 
(previously described by Rergmann et al.*) of the composition 
CoH,;0;N. A possible structure of this substance is given in the 
experimental part. 

To the second group of substances belong 2-bromo-3-hydroxy- 
propionic acid and the diethyl acetal of glycolic aldehyde. In con- 
nection with the first substance a rather unexpected observation 
was made. It has been known for a long time that, on treatment 
with ammonia, this substance led, not to serine, but to isoserine. 
In order to interpret this result, there was postulated the inter- 
mediate formation of an ethylenic oxide which, on treatment with 
ammonia, added the positive group NH: to carbon atom (3) and 
the negative hydrogen to the oxygen of carbon atom (2). It was 
expected that, in the case of the action of NaNs, the acid group N; 
might go to carbon atom (2) and the positive Nat to carbon atom 
(3), in the following way. 


COOH COOH 
| | 
H—C—O— H — H—C—OH 


| | | 
COOH H.C— NH,  H,C—NH, 


| 
1 
| >o coo COOH 
H.C’ | | 
H—C— — H—C—N, 


| 
H,C—O— Na H,C—ONa 
I 


Apparently in each case the positive group causes the opening of 
the ethylenic oxide ring and substance (I) is the intermediate 
phase in both reactions. 

Phosphorylation Experiments—Four methods of phosphorylation 


* Bergmann, M., Jacobsohn, M., and Schotte, H., Z. physiol. Chem., 131, 
18 (1923). 
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were employed in the course of our experiments; namely, by means 
of (1) the ethyl ester of metaphosphoric acid, (2) phosphorus 
oxychloride in pyridine solution, (3) phosphorus oxychloride in 
aqueous solution in the presence of magnesium oxide, and (4) 
phosphoric acid in the presence of phosphoric anhydride. 

The first reagent had been employed by Langheld* for phos- 
phorylation of serine and the author thought he had obtained 
serine-3-phosphoric acid. Lack of sufficient material prevented 
his establishing the true structure of the substance. We now 
find that the substance is a serinediphosphoric acid in which, 
apparently, both the amino and the hydroxyl groups are substi- 
tuted, inasmuch as the substance contains no free amino nitrogen, 
and on boiling for 18 hours in 10 per cent hydrochloric acid, the 
amino nitrogen content does not exceed 0.8 per cent. Thus, this 
method could not be used for the preparation of serine-3-phos- 
phorie acid. 

In this connection it may be mentioned that methylene serine 
treated with phosphorus oxychloride in aqueous solution in the 
presence of magnesium oxide yields a substance containing phos- 
phorie acid which is dissociated into its component parts merely 
on boiling with lead carbonate, behaving in this respect similarly 
to the phosphoric acid derivatives of simple amino acids described 
by Neuberg.‘ On comparing the behavior of the latter substances 
with that of the product derived from serine by the Langheld 
method, it is questionable whether Neuberg assigned to his sub- 
stance the correct structure. 

The phosphorylation of 2-bromo-3-hydroxypropionic acid was 
accomplished by means of phosphoric acid in the presence of 
phosphoric anhydride and that of the diethyl acetal of glycolic 
aldehyde by means of phosphorus oxychloride in pyridine solution. 
From neither of them, however, was it possible to obtain the desired 
derivative of serine. 

The synthesis of serine-3-phosphoric acid is, however, success- 
fully accomplished either by phosphorylation of benzylidene serine 
(by the procedure employed in the case of tyrosine') or of serine 
directly by means of phosphoric acid in the presence of phosphoric 
anhydride. 

3 Langheld, K., Ber. chem. Ges., 44, 2076 (1911). 

‘ Neuberg, C., Biochem. Z., 60, 497 (1914). 
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In the case of benzylidene serine, the yield of the phosphorylated 
product was not very satisfactory, owing perhaps to the formation 
of the oxazolidine derivative suggested by Bergmann and Zervas' 
as having the following structure. 


CH—COOH 


The most convenient method of preparation is by the action of 
phosphoric acid and phosphoric anhydride on serine. In this case 
the reaction takes place between the phosphoric acid and the 
hydroxyl group of serine only. The amino group does not seem 
to be substituted by this procedure, and, indeed, simple amino 
acids under identical conditions do not form a stable phosphoric 
acid derivative. In the serine derivative the ratio of N:P = 1, and 
the total nitrogen is present in the form of amino nitrogen. Hence, 
the substance has the structure given below. The yield was about 
16 per cent of the theoretical. 


COOH 
| OH 
H—C—NH, 
CH,—O—P=0 
OH 


In order to test the possibility of phosphorylating polypeptides 
by the same reagent, serine anhydride was treated with phosphoric 
acid in the presence of phosphoric anhydride under identical con- 
ditions. The condensation was found to proceed without dis- 
rupting the cyclic structure of the anhydride, thus leading to the 
substance of the structure given below. 


NH—CO 
™ - 
Ba O=P—O—H,C:-CH CH. 


CO—NH 
5 Bergmann, M., and Zervas, L., Z. physiol. Chem., 162, 282 (1926). 
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EXPERIMENTAL 


Dicarbobenzoryserine—The yield of carbobenzoxyserine is at 
best not very satisfactory. Bergmann and Zervas* report 42 per 
cent yield. In the attempts to recover the remaining serine it was 
discovered that a great part of the serine is converted into the 
dicarbobenzoxy compound; of this as much as 28 per cent was 
isolated. 

If the ethyl acetate mother liquor obtained from the recrys- 
tallization of the monocarbobenzoxy derivative is evaporated and 
the residual oil dissolved in hot benzene, the dicarbobenzoxy de- 
rivative crystallizes to a large extent on cooling. 

The dicarbobenzoxy derivative is extremely soluble in ethyl 
acetate and in hot benzene (whereas the mono derivative is only 
slightly soluble even in hot benzene). To obtain the dicarbo- 
benzoxy derivative quite pure, it is recrystallized twice from 
benzene, the crystals which first settle out on cooling being dis- 
carded each time. The crystallization from a mixture of ether 
and petroleum ether is repeated and in this manner the product 
melting at 94° is obtained. 


4.750 mg. substance: 10.520 mg. CO, and 2.290 mg. H,O 


9.700 “ - : 0.322 ec. Nz (778 mm. at 24°) 
CisH:90;N. Calculated. C 61.09, H 5.15, N 3.75 
373.2 Found. ** 60.39, “ 5.39, ‘* 3.90 


By titration with sodium hydroxide (with phenolphthalein as 
indicator), 0.1635 gm. of substance required 4.5 cc. of 0.1 N NaOH 
(calculated 4.4 ce.). 

Action of Formaldehyde on Serine Methyl Ester—dl-Serine methyl] 
ester hydrochloride (7.8 gm.) was mixed with 14 cc. of 35 per cent 
aqueous formaldehyde solution, and covered with a layer of ether. 
6.9 gm. of anhydrous potassium carbonate were added and the 
mixture shaken vigorously for a considerable period of time. The 
ether was replaced six to eight times and vigorous shaking was 
repeated after each addition. The combined ether extracts were 
dried with anhydrous sodium sulfate, filtered, and the filtrate 
evaporated until crystallization commenced. It was then cooled 
in ice, giving a good yield of silky, lustrous crystals. 

The substance, which forms rhombic leaflets, is sparingly soluble 


6 Bergmann, M., and Zervas, L., Ber. chem. Ges., 66, 1192 (1932). 
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in ether but readily soluble in chloroform and in hot methy] alcohol. 
from which it is best recrystallized. It has a melting point of 137°. 

For analysis, it was twice recrystallized from methyl alcohol. 
The formaldehyde content was determined on one sample by 
distillation of the formaldehyde after hydrolysis with phosphoric 
acid and titration of the distillate with 0.1 N iodine solution. In 
another sample the formaldehyde was determined by the phloro- 
glucinol method of Clowes and Tollens.’ 


5.006 mg. substance: 6.385 mg. CO. and 3.020 mg. H,O 

9.925 “ ” : 0.898 ec. Nz (752 mm. at 23°) 

5.040 “ - : 8.675 mg. Agl 

(a) 0.1500 gm. substance: 33.5 ec. 0.1 N iodine solution 

(b) 0.1000 “ 7” : 0.1510 gm. methylene phloroglucinol 

(274) 
Calculated. C 48.17, H 6.57, N 10.21, OCH; 22.62, H.CO 32.84 
Found. “ 48.37, “ 6.11, “ 10.35, “ 22.72, “ (a) 33.5 

“ (6) 33.82 


The molecular weight determination was carried out by Rast’s 
method. 

12.2 mg. of substance in 117.5 mg. of camphor gave a melting 
point depression of 15°; calculated mol. wt., 274; found, 277.3. 


N=CH, 
0-CH,—CH—COOCH; 
O-CH;—CH—COOCH; 
N=CH, 


This formula of our crystalline substance is derived from the 
analytical data. In other respects the formula is entirely empirical. 

By the action of 3 moles of formaldehyde on serine ethyl ester, 
Bergmann et al.? have isolated a substance to which they assign the 
formula CsH;;0;N. We have now obtained a similar compound 
from the mother liquor by evaporation of the ether and distillation 
of the residue at a pressure of 0.9 mm., obtaining a product with a 


7 Meyer, H., Lehrbuch der organisch-chemischen Methodik, Berlin, 4th 
edition, 1, 908 (1922). 
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boiling point of 104-108°. If this substance is to be regarded as a 
triformylserine ester, then the product obtained by Bergmann 
from serine ethyl ester should have had the composition CsH,,0;N. 
This excess of CH. might have been explained on the assump- 
tion of an interreaction of the hydroxyl group with formaldehyde. 
But the substance which we obtained had only two formy] radicles, 
the analysis showing 36.8 per cent of formaldehyde. 

Amino alcohols, and possibly serine also (compare Bergmann 
and Zervas*), react with aldehydes with the formation of oxazol 
derivatives. Possibly in our case also, the first stage is the forma- 
tion of an oxazol ring (III) which then reacts with another mole 
of formaldehyde to give substance (IV). This is analogous to the 
formation of dipyrrylmethane in the pyrrole series which proceeds 
readily.® 


CH,—CH—COOCH, CH,—CH—COOCH, 
OH H.N — 0 NH 
oO Cc 
+ || H, 
CH, I 
H,;C-O0C-CH——CH, 
O NH O HN O 
CH, CH, CH, 
| | 
CH, CH, 


IV 


Preparation of the Barium Salt of Methylene Serine—dl-Serine 
(5.2 gm.) and 7.9 gm. of barium hydroxide octahydrate were dis- 
solved in a little water and 5 ec. of 35 per cent aqueous formal- 
dehyde were added. The solution was filtered and the filtrate 
allowed to stand overnight at room temperature. The solution 
was now evaporated under diminished pressure to a small volume 


8 Fischer, H., Z. physiol. Chem., 87, 255 (1913). 
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and the barium salt precipitated with methyl alcohol. The 
precipitate, which was thick and snow-white, was readily filtered 
and the yield was nearly quantitative. For analysis it was redis- 
solved in a little water, filtered, and precipitated with methyl 
aleohol. On drying under diminished pressure at 100° during 14 
hours, the air-dried substance lost 1 mole of water of crystalliza- 
tion (8.8 per cent, calculated 8.9 per cent). The formaldehyde 
determination was made with phloroglucinol and hydrochloric 
acid. 


11.005 mg. substance: 0.730 cc. Nz (761 mm. at 25°) 


0.3000 gm. = : 0.2358 gm. methylene phloroglucinol 
(C,H,O;N)2. Ba. Calculated. N 7.58, CH, 7.58 
369.5 Found. “ 7.60, “ 7.99 


Franzen and Fellmer® assigned a hydrate formula to this sub- 
stance. This would explain the mechanism of its phosphorylation 
and also the loss of 1 mole of water on drying. 


OH-CH,-CH—COOH 
NH—CH:;—OH 


Methyl Ester of a-Bromo-8-Hydroxypropionic Acid—The bromo 
acid and absolute methyl! alcohol were boiled under a reflux during 
lhour. Most of the methyl aleohol was then evaporated off under 
reduced pressure with the addition of some benzene. The residue 
was heated again for several hours with absolute methyl alcohol 
under a reflux. After removal of the aleohol under diminished 
pressure, the residue was dissolved in dry ether and shaken several 
minutes with anhydrous potassium carbonate.'® The ether was 
evaporated off and the ester fractionally distilled. The larger 
fraction boils at 94-98° at 9mm. A second small fraction distils 
at 107-117° at 9 mm. The main fraction was refractionated, 
giving about 45 per cent of the theoretical yield of ester distilling 
at 95-97° at 9 mm. 


9.460 mg. substance: 9.600 mg. AgBr 


7.678 “ : 8.995 “ 
C,H,0;Br. Calculated. Br 43.67, OCH; 16.95 
183 Found. “ 43.19, “ 15.46 


® Franzen, H., and Fellmer, E., J. prakt. Chem., 96, 299 (1917). 
10 Fischer, E., and Speier, A., Ber. chem. Ges., 28, 3256 (1895). 
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The fraction distilled at 107—117° contained 27.8 per cent Br 
and 17.1 per cent OCHs. 

Attempts to esterify with diazomethane did not prove satis- 
factory. 

Methyl Ester of B-Azido-a-Hydroxrypropionic Acid—A mixture of 
14 gm. of the methyl ester of bromohydroxypropionie acid in 10 
ec. of methyl alcohol with 7 gm. of sodium azide in 10 ce. of water 
was boiled under a reflux on the water bath during 12 to 15 hours. 
A small quantity of water was now added and the solution thor- 
oughly extracted with ether. The ethereal extract was dried with 
anhydrous potassium carbonate for a short time. The mixture 
was filtered and after evaporation of the ether, the residue was 
distilled. Most of the product boiled at 100-108° at9mm. For 
analysis it was refractionated. The main fraction distilled at 
102-104° at9mm. This fraction still contained a trace of bromine 
(less than 1 per cent). 


5.215 mg. substance: 6.390 mg. CO, and 2.310 mg. H,O 


4.805 “ : 1.206 cc. Nz (767 mm. at 22°) 
C,H;0;N;. Calculated. C 33.08, H 4.86, N 28.96 
145.1 Found. 33.41, 4.99, 29.31 


Reduction of Methyl Ester of B-Azido-a-Hydroxypropionic Acid— 
A solution of 2.4 gm. of the ester in 25 cc. of absolute methyl 
alcohol was reduced on shaking for 2 hours with hydrogen in the 
presence of 0.25 gm. of platinum oxide as catalyst. The solution 
was filtered, 50 cc. of water and 5 cc. of concentrated hydrobromic 
acid were added, and the mixture heated on the boiling water 
bath during 1 hour. The reaction product was evaporated to 
dryness under reduced pressure and the product was dissolved in a 
small quantity of absolute ethyl alcohol. The solution was fil- 
tered and the filtrate cautiously made faintly alkaline with a little 
ammonia. To complete the crystallization, the product was 
cooled in ice for 2 hours and then filtered. Yield 1.3 gm. 

For analysis it was recrystallized from a small amount of hot 
50 per cent aqueous ethyl] alcohol and had a melting point of 245°. 


4.709 mg. substance: 5.880 mg. CO, and 2.715 mg. H,O 


8.050 “ - : 0.884 cc. Ny (767 mm. at 23°) 
C;H;O;N. Calculated. C 34.25, H 6.71, N 13.33 
105.1 Found. 34.05, 6.45, “ 12.78 
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For identification the phenyl isocyanate was prepared. After 
three recrystallizations from water, it had a melting point of 183- 
184°. (Fischer and Leuchs give 183-184°."') 

The ethyl ester was also prepared and after recrystallization 
from ether, had a melting point of 74° (according to Fischer, after 
purification by sublimation, the ethyl ester of isoserine melts at 
78°"), 

Phosphorylation of Serine by Means of Ethyl Metaphosphate 
(According to Langheld*)—By the phosphorylation of dl-serine with 
ethyl metaphosphate, Langheld obtained a substance the analysis 
of which indicated the presence of three phosphoric acid radicles 
to 1 nitrogen. atom. On boiling this substance with lead car- 
bonate, only a part of the phosphorus is removed. The analysis 
of this product was not reported. 

A mixture of 4 gm. of dl-serine in 100 cc. of dry chloroform with 
14 gm. of ethyl metaphosphate was boiled for 2 hours under a 
reflux but the substance did not dissolve. After removal of the 
chloroform the residue was dissolved in water and boiled for 20 
minutes with lead carbonate. The mixture was filtered hot and 
the lead removed from the filtrate with hydrogen sulfide. After 
filtering, the filtrate was made faintly alkaline to phenolphthalein 
by addition of barium hydroxide. 

The solution was concentrated under reduced pressure and the 
barium salt precipitated with alcohol. 

The barium salt was redissolved in a little water, filtered, and 
reprecipitated with alcohol. It was washed by centrifuging with 
alcohol and ether successively and then dried at 80°. 


10.495 mg. substance: 0.240 cc. N2 (748 mm. at 25°) 
3.990 “ as : 32.310 mg. molybdate 
C;H;OsNP,Baz. Calculated. N 2.61, P 11.58 
Found. 2.58, 11.67 


The substance contains only 0.2 per cent of amino nitrogen as 
determined by the method of Van Slyke. 

On heating this substance on the water bath with 2 n hydro- 
chloric acid for 18 hours, a considerable quantity of phosphoric 
acid was liberated. The amino nitrogen then amounted to 0.8 


1 Fischer, E., and Leuchs, H., Ber. chem. Ges., 36, 3787 (1902). 
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per cent. (Neuberg"” considers this to be iminopyrophosphoric 
acid diethyl ester.) 

Phosphorylation of Methylene Serine with Phosphorus Oxychloride 
and Magnesium Oxide—5 gm. of the barium salt of methylene 
serine were dissolved in water and the barium removed quanti- 
tatively by addition of a solution of magnesium sulfate. The 
solution was centrifuged and then diluted with water to a volume 
of 300 cc. Pure magnesium oxide (30 gm.) was added, followed 
by 9 gm. of phosphorus oxychloride in 70 cc. of carbon tetra- 
chloride, drop by drop, with vigorous stirring during 4 hours at 0°. 
After all the phosphorus oxychloride had been added, stirring was 
continued at 0° for 1 hour longer. The solution was centrifuged 
from the precipitate and rendered exactly neutral with acetic acid, 
with phenolphthalein as indicator. The solution was now evap- 
orated to about 25 cc. under reduced pressure at a bath tempera- 
ture of 30°. 

The addition of several volumes of methyl alcohol precipitated 
the magnesium salt. Yield 2.5 gm. 

The product is very similar to those obtained by Neuberg by 
phosphorylation of other amino acids.‘ They are basic magne- 
sium salts, their composition varying with repeated preparations. 
The nitrogen values varied between 4.75 and 5.0 per cent and the 
phosphorus between 11.5 and 13 per cent. The ratio of N:P was 
always approximately 1:1. 

The methylene content was very low (less than 1 per cent). 
The phosphorus was bound very loosely, and was readily and com- 
pletely liberated by warming in water and more rapidly in the 
presence of small amounts of acid. 

Phosphorylation of a-Bromo-B-Hydroxypropionic Acid—17 gm. 
of bromohydroxypropionic acid were gradually added with thor- 
ough cooling and stirring to a mixture of 4.7 gm. of phosphorus 
pentoxide with 3.5 gm. of 100 per cent phosphoric acid. 

This mixture was well stoppered and allowed to stand for 24 to 
30 hours. It was then mixed with finely powdered ice and 500 cc. 
of ice water. The mixture was cooled in ice and stirred during 
the addition of barium hydroxide solution until faintly alkaline 
to phenolphthalein. The solution was centrifuged, filtered, and 
to the clear filtrate was added an equal volume of alcohol. The 


12 Neuberg, C., Biochem. Z., 60, 492 (1914). 
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gelatinous precipitate which formed was allowed to stand and then 
was centrifuged off and extracted 2 or 3 times with water. The 
combined aqueous extracts were filtered and again precipitated 
with alcohol. This precipitate was centrifuged off, washed by 
centrifuging with alcohol and ether successively, and dried. Yield 
2.8 gm. 

The bromine is quite loosely bound, since the products usually 
contain somewhat less than the theoretical per cent of this element. 

After drying the barium salt at 80°, it still contains 2 moles of 
water, which may be removed on further heating at 130°. 


0.9216 gm. substance: 0.0320 gm. H.O 
Ba-2H,0. Calculated. H,O 3.8 
940 Found. BS 
For analysis it was dried at 80°. 


7.644 mg. substance: 30.310 mg. molybdate 


7.070 “ : 2.838 “ AgBr 

0.2956 gm. - : 0.2220 gm. BaSO, 
(C;H;0.BrPBa)2-Ba-2H,0. Calculated. P 6.6, Br 17.04, Ba 43.8 
940 Found. * 68, 17.08, 44.2 


Reaction of Phosphorylated Bromohydroxypropionic Acid with 
Ammonia—This reaction does not proceed simply. Aqueous 
ammonia, ammonia in a solution of methyl alcohol, and liquid 
ammonia were employed. All products contained, even after 
repeated fractionation, almost no amino nitrogen. Two barium 
salts were finally obtained. One contained nitrogen and phos- 
phorus in a ratio of N:P = 1:2, perhaps as iminodiserinephosphoric 
acid. The other, contained nitrogen and phosphorus with a ratio 
of N:P = 1:1. This might possibly be the acid amide. 

Similar complications have already been encountered in connec- 
tion with the chloro- and bromosuccinic acids.'* 

Fischer and Raske succeeded much later in isolating aspartic 
acid by the action of ammonia on bromosuccinic acid, under special 
conditions, and then only in small quantities." 

Comparison of the formule of the two compounds reveals their 
similarity. 

13 Lutz, O., Ber. chem. Ges., 35, 2460 (1902); 41, 841 (1908). Walden, P., 


and Lutz, O., Ber. chem. Ges., 30, 2795 (1897). 
14 Fischer, E., and Raske, K., Ber. chem. Ges., 40, 1051 (1907). 
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COOH COOH 

‘Br bes -Br 


Phosphorylation of Glycolic Aldehyde Diethyl Acetal—A solution 
of 4 gm. of glycolic aldehyde diethyl acetal in 20 ec. of dry pyri- 
dine was added, drop by drop, during 15 minutes to a solution of 
11.4 gm. of phosphorus oxychloride in 25 ec. of dry pyridine cooled 
to —15°. The reaction mixture was allowed to stand at —15° for 
1 hour and then for 2 hours at room temperature. It was then 
poured carefully into 750 cc. of ice water to which 50 cc. of 25 per 
cent sulfuric acid had been added. 48 gm. of silver carbonate 
were added with vigorous stirring and when all chlorine had been 
precipitated, the excess silver was removed from the filtrate with 
hydrogen sulfide. The filtered solution was made faintly alka- 
line with barium hydroxide (to phenolphthalein). The excess 
barium was removed with CO, and the filtrate clarified with char- 
coal. The clear solution was concentrated under reduced pressure 
at 35°. The residue was dissolved in 200 ce. of water, filtered, and 
precipitated from the filtrate with an equal volume of alcohol. 
After a short time a crystalline mass consisting of minute needles 
was formed. Yield 2.5 gm. For analysis it was dissolved in a 
little cold water and heated to 80-85°, whereupon the barium salt 
settled out in shining platelets. The crystals were obtained water- 
free by drying at 80°. 


5.080 mg. substance: 4.000 mg. CO, and 1.840 mg. H,O 


5.075 “ - : 29.675 “ molybdate 

93.9 : 62.1 BaSO, 
C.Hi;0¢.PBa. Calculated. C 20.63, H 3.77, P 8.88, Ba 39.25 
394 Found. 21.46, “ 4.05, 8.49, ‘ 38.92 


Attempts to hydrolyze the diethyl acetal were always accompanied 
by liberation of the phosphorie acid." 

Barium Salt of Benzylidene Serine—10 gm. of serine were dis- 
solved in a warm solution of 15.8 gm. of barium hydroxide octa- 


18 Fischer, H. O. L., and Baer, E., Ber. chem. Ges., 65, 339 (1932). 
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hydrate in 150 cc. of water and the solution filtered. Freshly 
distilled benzaldehyde (10.6 gm.) was added and the mixture 
shaken several hours (at best overnight) at room temperature. 
The product was then concentrated under reduced pressure and the 
final traces of water removed by continued distillation under 
reduced pressure with methyl alcohol and benzene. The methyl 
alcoholic solution of the residue was poured into 10 times its 
volume of dry ether, thus precipitating the barium salt as a snow- 
white granular powder. This was filtered off and washed with 
ether. Yield 13 gm. 

For analysis it was dissolved in methyl alcohol and reprecipi- 
tated with ether. It was dried in a vacuum desiccator over PO; 
at 20°. 


8.080 mg. substance: 0.401 cc. Ne (755 mm. at 22°) 


0.1258 gm. = : 0.0547 gm. BaSO, 
(Ci oH, Calculated. N 5.37, Ba 26.3 
521.6 Found. ** 5.70, “* 25.6 


Benzylidene Serinephosphoric Acid—A solution of 20 gm. of 
phosphorus oxychloride in 120 cc. of carbon tetrachloride was 
allowed to react on a mixture of 8.5 gm. of the barium salt of 
benzylidene serine, 60 gm. of magnesium oxide, and 500 cc. of 
water exactly as described for the preparation of tyrosinephos- 
phoric acid.' The product precipitated by alcohol was redissolved 
in water, reprecipitated by alcohol, and washed with ether. Yield 
1.85 gm. of a pure white powder. On warming in water, only a 
slight turbidity was produced but a strong odor of benzaldehyde 
was detectable. 


9.315 mg. substance: 0.384 cc. Nz (760 mm. at 23°) 


3.350 “ i : 22.990 mg. molybdate 
198.6 “ : 119.2 “ 
(CicoH JOg5NPMg)2Mg. Calculated. N 4.50, P 10.10, Mg 11.9 
613.1 Found. 6 4.75, “ 9.96, “ 13.1 


Preparation of Serinephosphoric Acid from Benzylidene Com- 
pound—1 gm. of benzylidene serinephosphoric acid was heated 
with 10 ce. of 10 per cent hydrochloric acid on the boiling water 
bath during 30 minutes. The solution was then cooled and made 
faintly alkaline to phenolphthalein with barium hydroxide. A 
few drops of dilute acetic acid were added and the solution filtered 
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through charcoal. The filtrate was concentrated to 10 cc. under 
reduced pressure, filtered, and the product precipitated with 
alcohol. The precipitate was centrifuged off, dissolved in a little 
water, reprecipitated with alcohol, and washed with ether. Yield 
80 to 100 mg. The poor yield may be due to the formation of an 
oxazolidine ring, as already considered by Bergmann and Zervas.* 


5.245 mg. substance: 28.900 mg. molybdate 


20.50 “ . : 1.20 ec. N, (775 mm. at 18°) (Van Slyke) 
(C;H,O.NPBa):Ba. Calculated. N 3.61, P 8.06 
776.4 Found. * 3.34, “ 8.00 


Preparation of Serinephosphoric Acid by the Phosphorylation of 
Serine with Phosphoric Acid and Phosphoric Anhydride'“—25 gm. 
of 100 per cent phosphoric acid were mixed with 4 gm. of phos- 
phorus pentoxide and, after cooling, 4 gm. of dry serine were 
added with stirring. (The excess of phosphoric acid acts mainly 
as a solvent.) This mixture was allowed to stand in a desiccator 
during 40 hours. Finely chopped ice was now cautiously added, 
followed by ice water, and the solution made faintly alkaline by 
addition of barium hydroxide. The excess alkali is removed with 
carbon dioxide. The mixture was centrifuged and the precipitate 
extracted with water. The solution and washings were combined 
and concentrated to about 50 cc. under reduced pressure at 35°. 
The solution was filtered through charcoal and the product pre- 
cipitated with alcohol. 

The precipitate was redissolved in water and again precipitated 
with alcohol (up to 50 per cent). Yield 1.85 gm. It was dried at 
80° for analysis. 


8.900 mg. substance: 3.660 mg. CO, and 1.580 mg. H,O 


10.635 “ : 0.396 cc. (772 mm. at 22.5°) 
3.725 “ = : 25.015 mg. molybdate 
0.2090 gm. o : 0.1488 gm. BaSO, 
27.50 mg. oad : 1.87 cc. Nz (755 mm. at 18°) (Van Slyke) 
26.40 “ : 2.15 ae (760 “ 26°) 
C;H,O.NPBa 
Calculated. C 11.20, H 1.82, N 4.36, P 9.65, Ba 42.7, amino N 4.36 
Found. * 11.21, “ 1.98, “* 4.36, “* 9.72, “41.9, “ ‘“* 3.88, 4.49 


The properties of the synthetic product are identical with those 
of the natural substance. On heating the aqueous solution of the 


16 Manaka, C., J. Biochem., Japan, 14, 201 (1931-32). 
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barium salt, a white flocculent precipitate formed which is redis- 
solved on cooling. 

Phosphorylation of Serine Anhydride with Phosphoric Acid and 
Phosphoric Anhydride“—3.5 gm. of serine anhydride were added 
to a mixture of 1.9 gm. of phosphorus anhydride and sufficient 100 
per cent phosphoric acid to make a thick paste. This mixture was 
heated for 2 hours at 50° and stirred thoroughly from time to time. 
It was then allowed to stand in a desiccator over phosphoric 
anhydride for 12 hours. The pasty mass was dissolved in 500 ce. 
of distilled water (with stirring until solution was complete) and 
made faintly alkaline by addition of barium hydroxide. The 
excess of barium was removed with carbon dioxide, the solution 
centrifuged, filtered, and the filtrate evaporated under diminished 
pressure at 30°. The concentrated solution was filtered from 
precipitated barium carbonate and some serine anhydride and the 
product precipitated from the filtrate with alcohol. This crude 
product still contained serine anhydride. It was therefore dis- 
solved in a little water, filtered from insoluble material, and quickly 
heated to boiling. The phosphorylated serine anhydride was 
rapidly precipitated as a readily filtrable deposit. For analysis 
it was again dissolved in a little water, filtered, and precipitated 
with alcohol. The substance was first dried to constant weight 
at 80° and then dried at 135° under diminished pressure overnight. 
During the second drying, 38.6 mg. of substance lost 2.2 mg. of 
water (equivalent to 5.7 per cent) for 2 moles of water of crystalli- 
zation (calculated 5.7 per cent). 

For analysis the substance dried at 80° was used. 


11.596 mg. substance: 0.416 cc. Nz (754 mm. at 31°) 

4.928 “ ” : 31.558 mg. molybdate 

23.451 “ : 17.475 “ BaSO, 
CsH;0,.N2P2Ba2-2H:0. Calculated. N 4.36, P 9.67, Ba 42.87 
641 Found. 3.90, 9.3, 43.85 


DILATOMETRIC STUDIES IN THE HYDROLYSIS OF THE 
2,5-DIKETOPIPERAZINES AND POLYPEPTIDES 


I. ALKALI HYDROLYSIS OF GLYCINE AND ALANINE ANHYDRIDES 


By MUDAMBI SRINIVASAN anp MOTNAHALLI SREENIVASAYA 


(From the Department of Biochemistry, Indian Institute of Science, 
Bangalore, India) 


(Received for publication, December 12, 1933) 


Although Hofmeister and Fischer independently promulgated 
the —CO-NH linkage as the fundamental structural unit in 
proteins, the possibility of the 2,5-diketopiperazines constituting 
the protein complex was not overlooked by Fischer himself (1). 
In 1849 Bopp (2) had observed the formation of leucine anhydride 
on digesting casein with sulfuric acid. But a systematic in- 
vestigation to establish the existence of these bodies in proteins is 
mostly due to Abderhalden and his collaborators. 

The experimental evidence obtained in favor of this theory 
has been based mainly on the isolation of these bodies from pro- 
teins digested by chemical (3-7) or enzymic agents (8, 9), the 
positive tests obtained with proteins for the presence of diketo- 
piperazines, and the results of a few physical measurements. As 
proteins are subjected to chemical treatment or otherwise, before 
being analyzed for their diketopiperazine content, their pre- 
existence in the protein complex is questioned on the ground 
that they might have been formed as secondary products in the 
same treatment (10-14). 

Among the characteristic tests for diketopiperazines in proteins 
may be mentioned their reduction to piperazines (15, 16) and 
their oxidation to oxamide (17). Should the protein under 
examination contain piperazine nuclei, or glycylglycine and its 
polypeptides, these tests are not reliable. Qualitative color 
reactions (18) are also employed for characterizing diketo- 
piperazines. 

The ultra-violet absorption spectra given by certain proteins, 
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similar to those obtained with diketopiperazines, lend support to 
the occurrence of these bodies in proteins (19). Reference may 
also be made to the x-ray studies on keratin (20), in which the 
presence of the diketopiperazine nuclei is indicated. A study of 
volume changes, if any, accompanying the ring fission of the 2,5- 
diketopiperazines would throw more light on the problem. 

The choice of the diketopiperazines for this investigation is 
limited by the chemical structure of these bodies. Thus, while 
the anhydrides with glycine are readily hydrolyzed, both the 
anhydrides of leucine and valine are unaffected by dilute alkali 
even after standing for 10 days at 37° (21). In a like manner, 
substitution in diketopiperazines alters their resistance to alkali. 
Thus, 0,0’-diacetylglycine and O,O’-diacetylalanine anhydrides 
are not split by a boiling 5 n alkali, while the same N,N’ com- 
pounds are completely hydrolyzed (22). Similarly a-methyl 
derivatives of glycylglycine, glycylsarcosine, and sarcosylsarcosine 
anhydrides are more resistant than their unsubstituted analogues 
(23). 

Among the factors influencing the volume change accompanying 
the hydrolysis of the anhydride are possible configurational adjust- 
ment in the molecule prior to hydrolysis, ring fission of the diketo- 
piperazine, and cleavage of the resulting dipeptide. Possible 
configurational change in the molecule is indicated by the work 
of Levene and Pfaltz (24) who have shown that in the presence 
of weak alkali d-alanyl-d-alanine anhydride racemizes through 
enolization, and is then hydrolyzed. The autoracemization of 
arginine-containing anhydrides (25) in 0.2 Nn alkali at 21° is yet 
another instance. 

Cleavage of the resulting dipeptide is negligible at low concen- 
trations of alkali. The kinetics of the alkali hydrolysis of diketo- 
piperazines has been studied by various workers (26-30). The 
discrepancy observed in the values for the velocity constant of 
this reaction may be accounted for by the simultaneous hydrolysis 
of the resulting dipeptides at higher concentrations of alkali. 

Volume changes observed in a dilatometer accompanying the 
hydrolysis of the 2,5-diketopiperazines would then be the resultant 
of these various phases of the reaction. 

The present communication relates to a dilatometric study of 
glycine and alanine anhydrides with a view to determining the 
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nature and extent of volume changes accompanying their hydrol- 
ysis by alkali. 
EXPERIMENTAL 


Glycine anhydride was prepared from glycine ester hydro- 
chloride (31), while alanine anhydride was obtained in the racemic 
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Fig. 1. Dilatometer results. Curve A represents 7.28 mm glycine an- 
hydride + 0.01 wn alkali; Curve B, 7.28 mm glycine anhydride + 0.02 N 
alkali; Curve C, 7.28 mm glycine anhydride + 0.05 N alkali; Curve D, 1.47 
mM glycine anhydride + 0.05 N alkali; Curve E, 2.11 mM alanine anhydride 
+ 0.21 N alkali; Curve F, 2.32 mm alanine anhydride + 0.04 N alkali. The 
curve designations on the figure are identical with the respective experi- 
mental designations in the text and tables. 


form by heating d-alanine with glycerol (32). Solutions of these, 
prepared by boiling them with water, were used. 

The 2-bulb dilatometer described at length in a previous com- 
munication (33) was employed in this investigation, and the 
details of the experimental procedure were those adopted therein. 
The reaction mixture consisted of 50 cc. of anhydride solution in 
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the big bulb and 10 ce. of alkali in the other. Controls with the 
same amounts of water and alkali were run. Preliminary experi- 
ments showed no volume change on mixing water with anhydride 
solution. After attaining the temperature of the thermostat, 
the contents of the control and experimental dilatometers were 
mixed, and volume change noted from time to time by reading 
the meniscus in the dilatometric capillary. While a sudden de- 
pression, depending upon the strength of alkali, was observed 
in the control dilatometer, a gradual rise was noted in the experi- 
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mental one, indicating that the hydrolysis of both glycine and 

alanine anhydrides is accompanied by an increase in volume. 
Further the kinetics of the above reaction has been followed in- 

dependently, by measuring (Van Slyke) the release of amino groups. 


Results 


The graphs drawn in Figs. 1 and 2 represent the full set of 
experimental results. 

From the graphs are obtained Tables I and II where V, the 
volume increase per mM of amino group released, is calculated 
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from the dilatometric rise, v, and the mm of the amino group NH». 
A, B, C, D, E, and F have the same significance as in Figs. 1 and 2. 


DISCUSSION 


It will be seen from Tables I and II that the initial stages of 
the reaction are attended by a greater volume change, V, per mm 
release of amino group than subsequently. The stronger the 
alkali, the greater is the abnormality and shorter its duration. 
The initial portions of the dilatometric curves (Fig. 1, Experiments 
A and F) representing the action of weak alkali on glycine and 
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v represents dilatometer readings; V, the volume increase per mm of 
amino group released. 


alanine anhydrides bring out these discrepancies. This suggests 
that there is a possible configurational change in the anhydride 
molecule before its fission takes place. As the original solution, 
obtained by boiling the anhydrides in water, contains their diketo 
form (34) the configurational change suggested above may be due 
to the conversion of this form into its active enol isomer. When 
strong alkali is used, both enolization and fission of the diketo- 
piperazine ring take place simultaneously, but at different rates, 
giving rise to the abnormal values. The enolization being soon 
complete, the ring fission proceeds normally, as shown by the 
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steady values in the later stages of the reaction (Table I, Experi- 
ment A, and Table II). In the case of weak alkali, however, the 
configurational changes seem to be more prolonged, accompanied 
by a slower fission of the ring. 

The treatment of glycine anhydride with alkali of concentrations 
greater than 0.01 n shows a progressive decrease in volume (Table 
I, Experiments B, C, and D) per mm of amino group released, the 
decrease again being greater the stronger the alkali employed. 
This points to a gradual increase in amino releas e with a corre- 


TaB_e II 
Alanine Anhydride-Alkali 


Experiment E 


v represents dilatometer readings; V, the volume increase per mm of 
amino group released. 


sponding decrease in volume probably due to disruption of the 
resulting dipeptide. The steady values obtained with alanine 
anhydride (Table II) in the later stages of the reaction show that 
at these concentrations of alkali, the resulting dipeptide remains 
intact. 

The average steady value of V obtained in the later stages 
of the reaction is the true value of the volume increase per mM 
of amino group released by the fission of glycine and alanine 
anhydrides. This average is 7.5 c.mm. (Table II) for alanine 
anhydride and 7.4 c.mm. (Table I, Experiment A) for glycine 
anhydride. The close agreement of these values suggests that, in 


| es Experiment F 

NH: | | NH: | 
min. mM c. mm, mM c. mm. 

5 0.060 11.6 0.025 10.0 

10 0.115 10.0 0.05 9.0 
20 0.210 8.6 0.085 8.8 
30 0.280 7.8 0.12 8.3 
45 0.355 7.5 0.165 7.8 
60 0.400 7.5 0.20 7.8 
90 0.475 7.5 0.26 7.5 
120 0.535 7.6 0.31 7.4 
150 0.590 7.6 0.355 7.5 
180 0.620 7.5 0.395 7.5 
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general, a constant volume increase or a dilatation constant V of 
7.5 ec. per molecule characterizes the fission of the 2,5-diketo- 
piperazine nucleus thus: 


R-CH-CO-NH-CH-R’ 
HN NH + H,0 —> | | + 7.5 ce. 
NH; COOH 


SUMMARY 


1. The alkali hydrolysis of glycine and alanine anhydrides 
has been investigated in the dilatometer and found to be accom- 
panied by an increase in volume. 

2. While correlating the increases in volume with mm releases 
of amino groups (Van Slyke), some abnormalities are observed 
in the initial stages of the reaction. 

3. These abnormalities are greater the stronger the alkali, 
and appear to be associated with structural changes induced in 
the anhydride molecule preceding the hydrolysis. 

4. The hydrolysis of glycine anhydride by alkali of concentra- 
tions higher than 0.01 N is accompanied by a disruption of the 
resulting dipeptide as registered by the dilatometer, while the 
alanylalanine under the conditions of the experiment is not 
hydrolyzed. 

5. 7.5 c.mm. per mm is the dilatation constant obtained with 
glycine and alanine anhydrides. It is suggested that this value 
characterizes in general the fission of the diketopiperazine nucleus. 
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Bohr (1897, 1905), Bohr and Henriques (1897), Buckmaster and 
Gardner (1912), Van Slyke and Salvesen (1919), Van Slyke and 
Stadie (1921), Conant and Scott (1926), and Stoddard (1926- 
27) have all reported analyses showing that greater amounts of 
nitrogen are dissolved in hemoglobin solutions or cell suspensions 
than would be taken up by the water present, even if the depress- 
ing effect of the salts on the solubility were nil. Curiously, Bohr 
(1897) found this increased nitrogen solubility only when the 
hemoglobin was oxygenated. Conant and Scott (1926) and 
Stoddard (1926-27) do not give experimental data on the effect of 
oxygenation, but state that they could not confirm Bohr with 
regard to it. 

Conant and Scott (1926) determined the solubility coefficient of 
nitrogen in hemoglobin solutions saturated not only at atmospheric 
but also at various lower Nz pressures. They obtained results 
which indicated that nitrogen dissolved in hemoglobin solutions 
does not follow Henry’s law; the solubility coefficient, instead of 
being constant in their experiments, became greater as the nitrogen 
tensions in the saturating gas decreased below atmospheric. Such 
a behavior is found when gases or solutes are taken up by surface 
adsorption, and Conant and Scott suggested that the extra nitro- 


* The term “atmospheric nitrogen’’ is used to designate the mixture of 
N2, argon, and other rare gases left after O. is removed from atmospheric air. 
t Fellow of the Rockefeller Foundation. 
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gen, above that soluble in the water present, might be adsorbed by 
the colloidal hemoglobin. Findlay and Creighton (1911) studied 
the solubility of pure nitrogen in hemoglobin solutions over the 
higher pressure range from 1 to 2 atmospheres, and found devia- 
tions from Henry’s law, which were smaller than those of Conant 
and Scott, and in the opposite direction. 

The results of previous authors have not shown quantitative 
agreement, even for the solubility of nitrogen in water. The 
adsorption-like behavior found by Conant and Scott led to theoret- 
ical deductions, with regard to the binding of gases by hemoglobin, 
which were of such importance that confirmation of the experi- 
mental data has seemed desirable. We have therefore reinves- 
tigated the solubility of atmospheric nitrogen in water, blood, and 
hemoglobin solutions, particularly with regard to possible devia- 
tions from Henry’s law. 


EXPERIMENTAL 


Four types of experiments were performed. 

1. As a control of the accuracy of the technique with atmos- 
pheric and lower nitrogen tensions, the solubility of nitrogen in 
water was determined. For this purpose water was saturated at 
atmospheric pressure with the following three types of gas mix- 
tures: air, air to which varying amounts of O2 were added to dilute 
the N:, and air to which varying amounts of CO; were added to 
dilute the No. 

2. To check the results of Conant and Scott under their condi- 
tions blood cell and hemoglobin solutions were saturated at 25° 
with the different gas mixtures listed above under (1). 

3. To ascertain the solubility of nitrogen in whole blood, plasma, 
and erythrocytes under physiological conditions, plasma and 
mixtures of plasma and erythrocytes were saturated with air at 38°. 

4. Parallel nitrogen solubility determinations on the same 
bloods in reduced and oxygenated conditions were carried out, in 
order to ascertain whether oxygenation increases the N: solubility, 
as reported by Bohr (1897). 


Materials and Reagents 


Salt and bicarbonate solutions were prepared from freshly distilled 
water with reagent grade NaCl and NaHCO. 
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Erythrocyte suspensions were prepared from ox blood which was 
obtained fresh from the slaughter-house. The blood was collected 
in a bottle which contained glass beads and sufficient K,C,0,-H,O 
and KF.2H;0 to make the concentration of these salts, respec- 
tively, 1.0 gm. and 0.5 gm. per liter. The blood was filtered twice 
through cheese-cloth and the red cells were separated by cen- 
trifuging. 

For the set of solubility determinations at 25° under conditions 
designed to parallel those of Conant and Scott at room temperature, 
the cells were washed three times in 0.155 m NaCl by centrifuga- 
tion. After the final centrifugation the concentrated erythrocytes 
were diluted with an equal volume of isotonic solution of NaCl or 
NaHCO;. The oxygen capacities of these final suspensions were 
20.2 to 20.7 volumes per cent, indicating a hemoglobin content 
about equal to that of normal human blood. For experiments in 
which the gas phase was air or air + Oz, the cells were suspended in 
0.155 m NaCl solution. When the gas phase used was air + CO:, 
the total salt concentration was also 0.155 m, but part of the NaCl 
was replaced by NaHCO;. The NaHCO; served to prevent 
undue fall in pH and consequent swelling of the cells when the 
suspension was saturated with gas high in CO, content. The 
effect of NaHCO; on the N: solubility is sufficiently near the effect 
of NaCl to permit using the two salts interchangeably, under our 
conditions, without significant effect on the solubility values. 

Mixtures of plasma with varying proportions of red cells were 
prepared by centrifuging whole blood, separating cells and plasma, 
and mixing them again in proportions to give the desired cell 
concentrations. 

Erythrocyte solutions were prepared by saponin hemolysis of ox 
cells suspended in 0.155 m NaCl solution. 


Crystalline Horse Hemoglobin—This was prepared by the method of 
Heidelberger (1922), with some slight modifications. The red cells were 
separated from 250 cc. of defibrinated horse blood by centrifugation at 0°. 
The white cells and serum were removed with the aid of suction and the red 
cells were washed three times in cold 0.15 m NaCl solution by centrifugation. 
The volume of red cells following the last centrifugation amounted to 140 
ee. They were placed in a 250 cc. centrifuge tube and were hemolyzed with 
75 mg. of saponin. A gas mixture of 4 parts CO, and 1 part O, was passed 
through the ice-cold solution for 4 hour, after which the tube was tightly 
stoppered and placed in the ice box for 18 hours. At the end of this time 
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the material was a semisolid crystalline mass. This was broken up with a 
stirring rod and the material centrifuged in the cold for 14 hours. Then 
40 ec. of supernatant liquid were removed and the crystals were stirred up 
with 25 cc. of cold water. Air was passed through this thick mixture of 
crystals for 5to 10 minutes. This removed some of the free CO, and caused 
some of the hemoglobin crystals to redissolve. All but the last traces of 
hemoglobin were brought into solution by the addition of 15 cc. of cold 0.5 
M Na,CO;solution. 4cc. of aluminum hydroxide cream (15 gm. of Al(OH); 
per liter) were thoroughly mixed with the hemoglobin solution, which was 
then filtered through a Buchner funnel. The filtration was slow and the 
filter paper had to be replaced several times. The clear hemoglobin solu- 
tion of 125 cc. volume was again saturated in the cold with the CO,-O, 
mixture. After seeding with hemoglobin crystals from the first crystalliza- 
tion, the centrifuge tube was stoppered and placed in the ice box for 24 
hours. Crystallization started within a few minutes after seeding and after 
24 hours was apparently complete. It yielded about 50 cc. of wet crystal 
sediment and 70 cc. of supernatant liquid, which was removed. To dissolve 
the crystal sediment 60 cc. of water and 4 cc. of 0.5 m Na,CO; solution were 
added. The resulting clear solution was used for the nitrogen solubility 
determinations. 

Aqueous Suspensions of Plasma and Cell Lipids—Ox plasma and ox red 
cells, washed with saline as indicated above, were used as starting materials. 
To extract the plasma lipids 500 cc. of plasma were added with vigorous 
stirring to 8 volumes of a mixture of ether-alcohol, 1:3. For the cell lipids, 
500 ce. of a concentrated suspension (72 per cent cells) were diluted to 750 
ec. with water. This solution was added to 9 volumes of ether-alcohol. 
This amount of ether-alcohol was the minimum which could be used without 
coagulating the cell proteins into a sticky mass which could not have been 
subsequently resuspended and washed. 

The mixtures of both plasma and cells with organic solvents were allowed 
to stand 24 hours, during which they were occasionally stirred up into uni- 
form suspensions. At the end of 24 hours they were heated to boiling on 
the steam bath for 20 to 30 minutes and the solids were removed by filtration 
with suction. The solids were washed twice by resuspension in small 
volumes of hot ether-alecohol. The filtrates were concentrated in vacuo at 
low temperature until the residual volume of suspension, chiefly aqueous, 
was 290 cc. for the cell filtrate and 240 cc. for the plasma filtrate. Further 
concentration became difficult because of foaming. The lipids were then 
extracted by shaking each suspension four successive times with equal 
volumes of ether-petroleum ether (30-60°), 1:1. The ether solutions were 
concentrated in vacuo. The semisolid residues were shaken up with 100 cc. 
of redistilled petroleum ether (30-60°). Only a small amount of material 
remained undissolved. The solutions were dried with anhydrous sodium 
sulfate and the undissolved material was removed by filtration through a ~ 
sintered filter. 

To obtain aqueous emulsions of the lipids, the filtrates were again evapo- 
rated to dryness and the residues suspended in redistilfed water. Last 
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traces of petroleum ether were removed by bubbling air through the suspen- 
sions for } hour. They were next evaporated to dryness at 50-60° over a 
period of 48 hours. Each residue was resuspended in 250 cc. of water. 
Emulsification of the lipids was facilitated by bubbling air through the 
suspensions. These suspensions were used for the solubility determina- 
tions. 


Gases—Atmospheric air was used as the source of nitrogen 
supply. The maximum nitrogen tension used was about 580 mm., 
that of the nitrogen in air at atmospheric pressure. To obtain 
lower tensions of nitrogen, air was diluted with either oxygen or 
carbon dioxide. 

Two preparations of oxygen were used. One was commercial 
oxygen prepared from liquid air and contained 99.6 per cent oxygen 
and 0.4 per cent inert gases. According to the manufacturers, 
The Linde Air Products Company, more than one-half of this 
inert gas was argon, the remainder being nitrogen. This oxygen 
preparation will be referred to as “tank O».”” The other supply of 
oxygen, referred to as ‘pure O2,”’ was prepared by heating a mix- 
ture of KCIO; and MnO. It was made as needed and stored over 
water. It contained more than 99 per cent oxygen, the impurity 
being presumably nitrogen from the atmosphere. 

The carbon dioxide was prepared in a Kipp generator and was 
more than 99.8 per cent pure. 

Hyposulfite Solutions—Two different solutions of alkaline hypo- 
sulfite were employed. 

Hyposulfite Solution A, used for determining the nitrogen 

content of the gas-saturated liquids, consisted of 15 gm. of solid 
Fieser (1924) reagent (10 parts by weight of sodium hyposulfite 
(NaS,0,-2H:O) and 1 part of sodium anthraquinone-f-sulfonate 
ground up together) dissolved in 50 cc. of 1.5 N KOH. This solu- 
tion was made fresh for each set of determinations. It was com- 
pletely freed of air by repeated extraction in vacuo and was stored 
over mercury in a Hempel gas pipette, as described in Peters and 
Van Slyke (1932, p. 235) under “‘Gas-free reagent solutions.” The 
gas-free solution was never exposed to air, even momentarily. 
Transfer to the Van Slyke-Neill chamber was made through a 
mercury seal. 

Hyposulfite Solution B was used for analyzing the gas phases 

after equilibration with the various liquids. It was made with 
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15 gm. of solid Fieser reagent in 50 cc. of 3 or 4 N KOH, the alkali 
concentration depending on the amount of oxygen in the gas 
mixture. The higher concentration of alkali was necessary to 
prevent acidification of the reagent by the large amounts of oxygen 
absorbed, when the gas mixture analyzed was chiefly O.. Hypo- 
sulfite Solution B was not made air-free, as it was not submitted 
to vacuum in the analyses. 

We have encountered two commercial preparations of sodium 
hyposulfite which, even in strongly alkaline solutions, give off con- 
tinuously slight amounts of gas. Solutions of these preparations 
could not be made gas-free by extraction in vacuo. No matter 
how many times the extraction was repeated, another extraction 
would yield a small bubble of gas. We did not identify the im- 
purity which caused this behavior. The hyposulfite preparations 
which behaved thus were not used. 


Saturation Technique 


Saturation of the liquids with the gas mixture was performed by 
the rotating double tonometer method described by Austin ef al. 
(1922) as their “First saturation method.”” The double tonometer 
consisted of a 50 ec. cylinder and an 800 cc. cylinder connected 
by a short, wide rubber tube. The 50 cc. cylinder was filled with 
blood or other liquid to be saturated, and the 800 cc. cylinder was 
exhausted and filled with the desired gas mixture. Most of the 
liquid was then run into the large cylinder, and the tonometer was 
rotated horizontally in a constant temperature bath maintained at 
25.0° + 0.04° or 38.0° + 0.04°. Atmospheric pressure was obtained 
by opening at intervals the capillary cock of the larger cylinder 
and permitting the pressure, raised by warming in the bath, to 
fall to atmospheric. The total time allowed for complete satura- 
tion of the liquid was 2 to 2} hours. Under the conditions used 
this time sufficed for attainment of equilibrium. 

After saturation was finished, separation of the gas phase in the 
large cylinder of the tonometer, and of the liquid phase in the small 
cylinder, was carried out as described by Austin ef al. (1922). 
Both the gas and the liquid phases were analyzed as soon as - 
possible by the methods indicated below. 
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Analysis of the Liquid Phase 


Nitrogen Content—For determination of the dissolved nitrogen 
gas in the saturated solutions or cell suspensions, an elaboration of 
the method of Van Slyke and Neill (1924) was used. Because the 
concentrations of dissolved gas to be measured, from 1.0 to 0.05 
volume per cent, were much less than in ordinary blood O, and 
CO, analyses, several precautionary modifications were added to 
the usual blood gas technique in order to minimize the percentage 
error. The source of error which was most necessary to guard 
against was entrance of slight amounts of N, from the air, either 
into the solution analyzed, into the gas-free hydrosulfite reagent, 
or into the manometric chamber. Nitrogen entering by any of 
these paths would make the results too high, and the percentage 
error would be especially large in samples saturated under low 
nitrogen tensions. The precautions added to those of the usual 
blood gas analysis were the following. 

1. Before each analysis especial pains were taken to make 
certain that the manometric chamber was completely free of gas. 
For this purpose several cc. of water with 4 or 5 drops of caprylic 
alcohol were extracted in the chamber, and the extracted air was 
ejected. The water was then extracted a second time, to insure 
the absence of even slight amounts of gas in the chamber. The 
air-free water was then ejected. Sufficient caprylic alcohol re- 
mained behind on the walls of the chamber to serve as antifoam 
for the fluid next analyzed. 

2. The blood or hemoglobin solution to be analyzed was trans- 
ferred from the tonometer to the manometric chamber, not by the 
usual open pipette but by the special pipette with a 3-way stop- 
cock, described by Van Slyke and Neill (1924, pp. 568-570). This 
device prevented even momentary contact of the sample with the 
atmosphere during the transfer. 

3. Large samples were taken, 15 cc. instead of the 1 or 2 ec. 
ordinarily used for blood gas analyses. A Van Slyke-Neill cham- 
ber of 100 instead of 50 cc. capacity was used to handle these 
samples conveniently. The extracted nitrogen gas was brought to 
0.5 ec. volume for its measurement by pressure reading. 

4. Instead of extracting the dissolved N2 and O, together in the 
manometric chamber, and then absorbing the O, with hyposulfite, 
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we added gas-free hyposulfite to the liquid sample in the chamber 
before the gases were extracted. N. was then extracted without 
any O:, and the possibility of error from subsequent incomplete 
absorption of the O2 was avoided. 

Which of these precautions is of most importance we cannot say. 
As the result of them all, however, we find that blood saturated 
with air at body temperature dissolves only 0.96 volume per cent 
of Ne, compared with the 1.2 volumes per cent which Van Slyke 
and Neill (1924) found as the residual gas left after ordinary 
blood oxygen determinations on 2 ce. samples. 

Oxygen capacity determinations were made on the erythrocyte 
suspensions, as described by Sendroy (1931), to determine the 
hemoglobin content. 

The water content determinations of all plasma and cell suspen- 
sions which were prepared were made by drying 2 cc. samples to 
constant weight at 110° for 4 to 5 hours. 

Total base determinations on the plasma and cell suspensions 
used for solubility determinations at 38° were made gravimetri- 
cally, as described by Van Slyke, Wu, and McLean (1923). 

Lipid carbon determinations were made on the plasma and cell 
lipid suspensions in water by the method of Van Slyke, Page, and 
Kirk (1933). These assays were kindly made by Dr. Kirk. 

All analyses were made on portions of liquid measured in cali- 
brated pipettes at temperatures between 24-27°. 


Analysis of the Gas Phase 


When the gas phase isolated in the larger tonometer cylinder was 
other than unmodified atmospheric air, it was analyzed for its 
nitrogen content by the methods described for the manometric 
analysis of gas mixtures (Van Slyke and Sendroy, 1932). A sample 
of gas sufficient to exert 550 to 600 mm. pressure at 50 cc. volume 
was introduced into a 50 ce. Van Slyke-Neill chamber. After 
measuring the pressure of the sample at 50 ce. volume, the carbon 
dioxide and oxygen were absorbed with 3 cc. of alkaline hypo- 
sulfite Solution B. The residual gas was measured by its pressure 
at either 50 cc. or 2 cc. volume, depending on whether the nitrogen 
content of the sample was large or small. The possibility of 
reducing the N: to a small volume for pressure measurement makes 
this method especially exact for gas mixtures containing small 
proportions of 
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Calculations 
Liquid Phase—The N, content was calculated as: 


Volume per cent nitrogen = Py, X factor 


The factor used was computed as described by Van Slyke and 
Neill (1924, pp. 540-541). The constants used in computing the 
factors were A = 100 cc., S = 20 ce.,a = 0.5cc¢.,7 = 1.00, a’ = a’ 
for N: in water (sufficiently accurate in view of the slight effect of 
a’ on the factor), and sample = 15 ce. 

Electrolyte concentrations are expressed throughout in equivalents 
or moles per kilo of water. Thus, the usual isotonic 0.9 per cent 
NaCl solution is given as 0.155 mole per kilo of water, instead of 
0.154 mole per liter of solution. 

Gas Phase—The nitrogen tension or pressure, p, in the gas phase 
was calculated from its nitrogen content by the usual equation, 


X (bar. — W) 


per cent N; in gas phase 
(1) P 100 


where bar. is the corrected barometric pressure and W is the vapor 
tension of water at the temperature of saturation (W = 23.8 mm. 
at 25° and 49.7 mm. at 38°). 

The solubility coefficients, a and a were calculated in the manner 
indicated by Van Slyke, Sendroy, Hastings, and Neill (1928, pp. 
772-778). (a = ce. of gas (0°, 760 mm.) dissolved per cc. of liquid 
phase; o® = cc. of gas dissolved per gm. of water in the liquid phase.) 

Solubility Correction for Effect of Added Electrolytes—Our solu- 
bilities at 38° were determined with cells and plasma prepared 
by centrifuging blood to which oxalate and fluoride had been 
added. These salts in the amounts added depress slightly the 
nitrogen solubility. To estimate the solubility in plasma and 
plasma-cell mixtures of normal electrolyte content, we have added 
to each of the “observed” a values in Table VI a correction for the 
total base content found per kilo of water in excess of that normally 
present. As the normal total base content we have taken 165 
milli-equivalents per kilo of water, which is sufficiently close to 
that for both cells and plasma at normal pH to serve for this cal- 
culation (Van Slyke, Wu, and McLean, 1923). The effect of the 
excess electrolyte on the solubility has been assumed to be the 
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same as the effect of NaCl; viz., to depress a® by 0.00344 ce. per 
equivalent of electrolyte per kilo of water. This also, is an ap- 
proximation which is sufficiently close for the small a° corrections 
involved. The correction at 38°, for the excess electrolyte is 
therefore calculated by Equation 2 as 


(2) Correction = 0.00344 (B — 0.165) 


B represents the total base content of the liquid phase (plasma or 
cell-plasma mixture) in equivalents per kilo of water present. 

Calculation of Nz Taken Up by Dissolved Hemoglobin—This 
value has been calculated by subtracting from the total dissolved 
N, the amount that, at the given temperature and N, pressure, is 
soluble in the aqueous saline solution present. The difference 
represents the extra N, taken up by virtue of the organic sub- 
stances present. We have tabulated it as ““N, taken up by Hb.” 
This interpretation appears to be approximately correct because 
we have found that the N, taken up by 1 gm.of Hb, thus caleu- 
lated (Table IV), is nearly as great in solutions of recrystallized 
hemoglobin as in solutions or suspensions of red cells. Other 
organic cell material, such as the lipids, may dissolve some Nz, 
but the amount is small compared with that taken up by the 
hemoglobin. The slight effect of lipid constituents is indicated 
in Table VII. 

The steps in the calculation are given by the following equations. 


(3, a) For 25°, sstine = @ HO — 0.00455 [B] 

(3, For 38°, = @°H.0 — 0.00344 [B] 

(4) [Nalsatine = @satine X [HzO] X (p/760) 

(5) = [Neltotar — [Nelsatine 

(6) per gm. Hb = ([Ne]Hp/[Hb)) 

(7) enb = ({Nelup/[Hb]) x (760/p) 

o9.0 = @ value for pure water (Tables I and V) at the temperature 
indicated 


@ siine = @ value for NaCl solution in which the Na content is B 
equivalents per kilo of water : 

|B] = total base content of the liquid in equivalents per kilo of water 
(‘‘liquid” = cell solution or suspension, or Hb solution) 


| 
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0.00455 and 0.00344 = depressions of a per equivalent of dissolved NaCl 
at 25° and 38° respectively. The same constants are used 
when part of the electrolyte is NaHCOs, since the difference 
is not significant 

= N; tension 

|H,O] = gm. of H,O present in 1 ec. of liquid 

=“ “Hb “ & 

[Neltotar = total cc. of N, in 1 ce. of liquid 

[Nelsatine = cc. Of N; taken up by saline solution in 1 cc. of liquid phase 

iim the dissolved Hb in 1 ce. of liquid 

lel~p = Solubility coefficient of N, in Hb = cc. of N, taken up by 1 gm. 
of dissolved Hb under 760 mm. of N, pressure 


Equation 7 is based on the fact, demonstrated by our data in 
Fig. 2, that the amount of N, taken up by the hemoglobin is 
directly proportional to N:2 pressure. 


DISCUSSION OF RESULTS 


The results are given in Tables I to IX. In our tabulated 
data, except in Table I, each value given for the volume per cent 
of Ne in the liquid phase is the average of duplicate analyses, which 
usually agreed within 0.004 volume per cent. Each value for N» 
tension in the gas phase also represents the average of closely agree- 
ing analyses, except when the saturating gas was air. Its N: con- 
tent was assumed to be 79.07 per cent. 

Table I shows the degree of constancy yielded by our technique, 
as indicated by the agreement of duplicate N, volume per cent 
determinations and duplicate saturations. The data also indicate 
the extent to which NaCl and NaHCO; within physiological con- 
centrations lower the solubility coefficient. 

Table II shows that our results (from Tables I and VI) for the 
solubility coefficient of N: in water, determined by saturation at or 
near atmospheric pressure, agree closely with those of the more re- 
cent authors, Fox (1909-10), Grollman (1929), and Stoddard (1926- 
27). Grollman used essentially our technique, while the methods 
of Fox and Stoddard were quite different. The agreement in the 
data on water may be taken as evidence that our technique, used 
also on blood and hemoglobin solutions, is free from significant 
error, when the amounts of dissolved gas measured are of the order 
of magnitude (ca. 1 volume per cent) obtained by saturation of 
water with air at sea-level pressure. 
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In the experiments in Table III in which the nitrogen tension 
was diminished to 100 mm. or lower by mixing air with 4 or more 
volumes of O02 or COs, there was slightly more N: found in analyses 


TABLE 
Nitrogen Solubility at 25° in Water and Salt Solutions 
Gas phase is atmospheric air. 


Experi- | Ne content| HO con- 
ment Liquid phase Ne tension! of liquid | tent of 
No. phase {liquid phase 


vol. per cent} gm. per ec. | gm. 
1.121 | 0. 0.01469 | 0.01473 
0.01475 | 0.01479 


0.01483 | 0.01487 
0.01483 | 0.01487 


2° 


0.01480 | 0.01484 
0.01486 | 0.01490 


oo 


0.01485 | 0.01489 
0.01486 | 0.01489 


oo 


0.01408 | 0.01416 
0.01410 | 0.01418 


0.155 m NaCl 


23 


0.01406 | 0.01414 
0.01410 | 0.01418 


0.155 “ 


33 88 


0.01387 | 0.01391 
0.01389 | 0.01393 


0.077 Na,CO; 


0.01396*| 0.01404 
0.01402*| 0.01410 


0.153 NaHCO,* 


0.01394*| 0.01402 
0.01396*| 0.01404 


0.153 “ 


#2 82 88 88 82 88 82 


=e 8= 
“Io 

oo 


* The solution also contained 3 mm of NasCO;. The a@ values have ac- 
cordingly been corrected by +0.00004. 


of the saturated water than was calculated in accordance with 
Henry’s law as 


Volume per cent dissolved N; = (100ap/760) 


1 | Weter 
2 1.145 
1.145 
3 1.147 
1.153 
4 
| 
1 
7 
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The value of a used was that determined from the experiments in 
Table I with undiluted air, in which, because of the larger amounts 
of gas to analyze, the experimental error was less, and error from 
impurities in the gas used for dilution was absent. The greatest 
error, averaging +0.014 volume per cent, was obtained when the 
diluting gas was tank O.. The 0.4 per cent of inert gas, determined 
as Ne, in this oxygen was stated by the manufacturers to be mostly 
argon. Argon is 2.5 times as soluble as nitrogen, and the cal- 
culated plus error from the argon present would account for about 
two-thirds of the average error found in the experiments with 
tank Oy. 


Taste II 


Comparison of Different Authors’ Values for Solubility Coefficient of Nitrogen 
in Water 


Values of a 


Authors 
At 38° 


Bohr and Bock (1891).............. x 0.01216 
Winkler (1891, 1892)................ 
Grollman (1929).................. 


Stoddard (2926-27)...............-. 
Present results.................. 


* Corrected for 0.5° temperature difference; original measurement at 
37.5°. 

¢t Corrected for 5.0° temperature difference; original measurement at 
20°. 


When CO, from a Kipp generator was used as the diluent gas, 
the mean error was only +0.003 volume per cent. It appears 
probable that this represents the analytical error in our determina- 
tions of the dissolved nitrogen. As mentioned before, in analyses 
of solutions in which the N; tension is very low, especial precautions 
are necessary to avoid high results from entrance of slight amounts 
of atmospheric nitrogen into the solution, the reagents, or the 
apparatus. It appears that our precautions reduced this error to 
within the limits of the maximum difference (0.006 volume per 
cent, e.g. see Table I) obtained between duplicate analyses, but 
did not absolutely remove it. 
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Taste III 


Temperature 25° 


N, Solubility in Blood 


In our experiments reported in Table IV, in which plasma, blood, 
and hemoglobin solutions were saturated with mixtures of air and 
O, or CO:, we have corrected the observed N; contents of the 


Control Determinations of Nz Dissolved in Water at Low Nz Tensions; 


Gas phase 


Liquid phase 
N: content 


Error 
E = (a) — (b) 


Gas mixture N2 tension 

Air + tank O, 231.5 0.454 0.452 
118.5 0.243 0.231 

87.3 0.195 0.170 

68.2 0.154 0.133 

51.8 0.118 0.101 

28.9 0.071 0.056 

26.7 0.065 0.052 

21.0 0.050 0.041 

12.1 0.037 0.023 

4.5 


vol. per cent 


+0.002 
+0.012 
+0.025 
+0.021 
+0.017 
+0.015 
+0.013 
+0.009 
+0.014 
+0.012 


+0.014 


Air + pure O, 


+0.007 
+0.006 
+0.013 


+0.008 


Air + pure CO, 104.7 0.205 
69.3 0.135 
38.9 0.080 
24.8 0.053 


+0.001 
+0.000 
+0.004 
+0.005 
+0.005 


+0.003 


tions of O2 or CO, were used to dilute the Noe. 


saturated liquids by subtracting the average error found in the 
experiments with water (Table III), in which the same prepara- 


| 
rs 95.5 0.193 | 0.186 
61.1 0.125 0.119 
19.7 0.051 0.038 
0.204 
0.135 
0.076 
0.048 
13.0 0.031 0.025 
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Does Dissolved Hemoglobin Adsorb Nitrogen Gas? 


The experiments in Table IV were designed to answer this ques- 
tion. The evidence that led Conant and Scott to believe in the 
adsorption of N: by dissolved hemoglobin was the rise which they 
obtained in the value of the solubility coefficient as the N, tension 
was diminished. Our present data, however, show no such in- 
crease in the a value. We believe that the apparent increase in 
a, noted by Conant and Scott at low Nz tensions, was an artifact 
due to small plus errors in their determinations of dissolved Ne. 
They used for analysis samples of 4 cc. of the liquid phase, whereas 
we have used 15 cc. Moreover, we have added to the blood gas 
technique a number of precautions (see ‘‘Analysis of liquid phase; 
nitrogen content”) which were not available at the time of their 
work. As we have mentioned, small plus errors in determining 
dissolved N: are difficult to avoid, and we found it necessary to 
correct for them by control experiments with pure water, despite 
our added precautions for handling and analyzing the equilibrated 
fluids. Part of the correction was due to impurity in the com- 
mercial O, used to dilute the Nz in some of our experiments. 

The nitrogen solubility coefficient in the liquid phase, consisting 
of cells or hemoglobin plus 0.155 m NaCl solution (Table IV), was 
found higher than the solubility in the saline solution (Table I), 
the respective mean values being approximately 0.0153 and 0.0141. 
It is evident therefore that hemoglobin in the liquid phase takes 
up Ne, and that the amount taken up per unit volume by the 
hemoglobin is greater than that taken up by the saline solution 
which the hemoglobin displaces. 

With regard to the fact that hemoglobin takes up Ne, our re- 
sults qualitatively confirm those of Conant and Scott. In the 
quantitative relationship between N, tension and N, taken up by 
hemoglobin, there is, however, a marked divergence between their 
results and ours (Fig. 1). 

The amounts of N, taken up by the hemoglobin in our experi- 
ments were calculated by Equations 3 to 7, and are given in Table 
IV and Fig. 1. It is obvious from the last two columns of Table 
IV and from Fig. 1 that the amounts taken up per gm. of dis- 
solved hemoglobin were directly proportional to the N2 tensions. 
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The Nz taken up by the hemoglobin behaved quite according 
to the laws of true solution. 


| 


S$ & 


an 


Bo 


& 
t 


+- 
++ 


S 


O-Air + pure CO, 
Air + tank 0, 

10 20 30640 5060 10 

N, tension in millimeters of mercury 

Fie. 1. Amounts of N, taken up by hemoglobin in solutions saturated 
with N, at different pressures. Results in the present paper are compared 
with those of Conant and Scott (1926) (from Fig. 1 in their paper), and with 
data calculated from results of Stoddard (1926-27). The data are charted 
logarithmically, as in Conant and Scott’s figure. The line drawn through 
the present results has a slope of 45°, which represents direct propor- 
tionality between N, tension and the amount of N; taken up per gm. of 
hemoglobin. 


This behavior is indicated by the 45° slope of the line in Fig. 1, 
which represents our results with hemoglobin from four different 
blood specimens. 


onal and Scott 
Range of Conant 
ig 
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The lower slope of the lines representing Conant and Scott’s 
result is characteristic of adsorption phenomena. Lines of such 
slope would, however, be produced by plus errors in determination 
of dissolved Ne, which if of a constant order of magnitude, would 
magnify the ratio, N2 taken up by Hb:Nz tension, more at the 
lower Ne tensions. 


Solubility of Nitrogen Gas in Plasma at 38° 


Our three plasma @ values in Table VI, corrected by Equation 2 
for added electrolyte (see “‘Calculations’’), are within the range 


TABLE V 


Composition of Solutions and Cell Suspensions Used in Experiments Reported 
in Table IV 


Suspensions of ox erythrocytes except as noted for Suspension 6. 


Salt concentration 

Cell -|Blood sam- |Hb* concen-| 
sion No. ple No. | 07 “apacity tration HA content 
NaHCO; 


15.5 0.870 
15.1 79 0.881 
15.3 0.874 
15.5 0.870 
15.5 69 0.874 
14.5t 47 0. 885 


* Calculated by the approximate formula, Hb concentration in gm. per 
100 ce. = O2 capacity X 0.746. 

t Solution of crystallized horse hemoglobin. 

t Calculated from the solid content and salt concentration of the solution. 


0.01172 + 0.00005. There were measurable amounts of hemo- 
globin in the plasmas. When, in Fig. 2, correction for them is 
made by extrapolation to zero O, capacity, the average plasma a 
value is 0.01168. 

The only plasma value for 38° in the literature appears to be 
that of Bohr (1905) who reported 0.0120. 

The fact that the Nz dissolved per cc. of plasma is only 92 per 
cent of that dissolved by 1 cc. of water appears to be attributable 
to displacement of water by plasma proteins which are inert as 


20 
vol. per cent 

1 1 20.7 

2 1 20.2 

3 2 20.5 

4 3 20.6 

5 3 20.6 

6t 4 
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nitrogen solvents. The N; solubility, a°, per gm. of water present, 
is 0.0124, almost the same as the a, 0.0123. of isotonic saline 
solution. Stoddard (1926-27), who studied the solubility of 
nitrogen in salt-free solutions of plasma proteins, also found that 
these proteins were inert as N, solvents; the solutions dissolved as 
much N, as was soluble in the water present. The inertness of the 
plasma proteins as solvents of N; affords a striking contrast to the 
solvent activity of hemoglobin, discussed in the preceding section. 

The plasma and cell lipids increase slightly the amount of N» 
dissolved (Table VII). Grollman (1929) found a similar but 


Tasie VII 
Nitrogen Solubility in Water Suspensions of Plasma and Cell Lipids at 38° 
N: solubility 


Lipid* con-| tent of of liquid | N: tension 
centration |liquid phase] phase at at 38° 
at 24-27° 24-27°t 


Liquid phase 


# Some hemoglobin was present from hemolysis. 


RST 0.997 0.949 564.5 0.01272) 0.01281 
Plasma lipid sus- 
pensioninwater.| 233 0.993 0.957 | 567.3 | 0.01275) 0.01290 


Cell lipid suspen- 
sion in water...| 551 0.991 0.974 | 572.3 0.01286] 0.01303 


* The lipid concentration is here reported as mg. of lipid carbon per 100 
ec. of solution. Assuming an average carbon content of the lipids of 67 
per cent, the corresponding total lipid concentrations are 350 and 820 mg. 
per 100 ce. The solid residue determinations indicated 380 and 800 mg., 
respectively. 

t See foot-note (*) to Table VI. 


somewhat more marked effect of cell lipids suspended in water. 
The fact that a@® in normal ox plasma is 0.8 per cent higher than in 
isotonic saline is probably attributable to the plasma lipids. 


Nitrogen Dissolved at 38° by Blood Cells and by Blood of Varying 
Hemoglobin Content 

The effect of displacing varying proportions of plasma with red 

cells is shown in Table VI and Fig. 2. The observed solubility 

values are slightly corrected by Equation 2, in order to estimate 

the solubilities in cell-plasma suspensions of isotonic electrolyte 

content. 
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The relationship of Nz solubility in blood to the hemoglobin and 
cell contents is shown by Fig. 2 to be linear with respect to both 
aanda®. The relationships are expressed by Equations 8 and 9. 


(8) a = 0.0117 + 0.000064 (volume per cent O, capacity) 
= 0.0117 + 0.000085 (gm. Hb per 100 cc.) 
= 0.0117 + 0.000029 (volume per cent cells) 

(9) a = 0.01244 + 0.000167 (volume per cent O, capacity) 
= 0.01244 + 0.000224 (gm. Hb per 100 cc.) 
= 0.01244 + 0.000076 (volume per cent cells) 


' Estimated vol. per cent cells 

TT? 
5 10 
Est gm. 


10 
Vol. per cent 0, capacity 
Fig. 2. Water content and solubility of N: in mixtures of plasma and 
erythrocytes in varying proportions. Points marked @, ©, and X indicate 


results with plasma-cell mixtures prepared from Bloods A, B, and C re- 
spectively. 


For 100 per cent cells, a = 0.0146 and a® = 0.0200, as indicated 
by the extrapolated lines for these values in Fig. 2. The data in 
Fig. 2 indicate that the order of magnitude of the variation of a 
and a@° in normal ox blood cells is about +0.0005. 
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In Equations 8 and 9 the relationships of a and a® to hemoglobin 
content in terms of oxygen capacity are those experimentally 
observed. 

The relationships of a and a® to gm. of hemoglobin per 100 cc. of 
blood are calculated from their relations to oxygen capacity on the 
assumption that 1 gm. of hemoglobin combines with -1.34 cc. of 

The relations of a and a® to the cell content of blood are cal- 
culated from their relations to oxygen capacity on the assumption 
that 1 volume per cent of O, capacity indicates 2.2 volumes per 
cent of cells. The factor 2.2 has been found by various authors 
to be a fairly exact average for normal human blood (Peters and 
Van Slyke, 1931, p. 548). 


Nitrogen Taken Up by 1 Gm. of Hemoglobin at 38° and 760 Mm. of 
Nz Pressure 


We have calculated a, by Equations 3,b, 4, 5, 6, and 7. As 
a saline for the calculation, we have used the value 0.0123 found 
for isotonic salt solution. For [H,O] we have taken the value 
0.713 extrapolated for 100 per cent cells in Fig. 2. For [Ne ]tota: 
at p = 760 we have taken the extrapolated a value, 0.0145, from 
Fig. 2. [Hb] has been calculated on the assumptions that cc. of 
O, capacity = (cc. of cells/2.2) and that 1.34 ce. of O. capacity 
represent 1 gm. of hemoglobin.! Hence, for 100 per cent cells, 
[Hb] = (1/(2.2 X 1.34)) = 0.339. From these values ag, at 
38° is calculated to be 0.017, compared with 0.019 found at 25°. 


Solubilities of Nitrogen in Oxygenated and Reduced Blood 
To ascertain whether there is any difference between the nitro- 
gen solubilities in oxygenated and completely reduced hemoglobin, 


! Gm. of hemoglobin are calculated by multiplying cc. of O, capacity by 
the factor 0.746, in accordance with the Hiifner conclusion (1894) that 1 gm. 
of hemoglobin combines with 1.34 cc. of CO or O:. The data on which this 
factor is based are, as pointed out by Peters and Van Slyke (1931, p. 524) 
of uncertain accuracy. Morrison (1933), in a preliminary report, gives 1.30 
as the result of a single determination on human hemoglobin. If subse- 
quent work shows that the exact factor is significantly different from 1.34, 
our quantitative calculations of the amount of N, taken up per gm. of Hb 
will require proportional revision, but our conclusions with regard to the 
direct proportionality between N; tension and N; taken up by Hb will not 
be affected. 


594 N; Solubility in Blood 


parallel solubility determinations were performed with atmos- 
pheric air and with atmospheric nitrogen free of oxygen (Table 
VIII). 

For the oxygenated samples blood was saturated with air in the 
usual manner. 


Taste VIII 
Nitrogen Solubility in Oxygenated and Reduced Blood at 38° 


N: con- N: solu- 
Total base} H:O con- N2 tension] 
Blood sample ity | content | tent int ‘at 38° 


A. Oxygenated : 179 0.839 | 0.941 A 0.0126 
Reduced.......... 179 0.839 | 1.219 0.0128 


B. Oxygenated ; 194 0.852 | 0.972 0.0131 
Reduced.......... . 194 0.852 | 1.232 0.0130 


* See corresponding foot-note to Table VI. 


TaBLe IX 
Summary of Nitrogen Solubilities 


Liquid phase a 


Water 0.01483 
0.155 m NaCl 0.01409 
0.077 Na,CO; 0.01388 
0.0153 m NaHCO; 0.01397 
41% cells in 0.155 m NaCl | 0.01526 
Water 0.01272 
0.155 m NaCl 0.01220 
Ox plasma 0.0117 
Whole ox blood, 20% O: ca- | 0.0130 
pacity 
Ox cells 0.0146 | 0.0200 


£885 


SS 


% 


0.017 


o 


For the reduced samples the blood was saturated with Nz, under 
conditions aimed at complete removal of O, from both the liquid 
and the gas phases. The blood was first rotated in the evacuated 
tonometer to remove the dissolved gases and bring about partial 
reduction of the hemoglobin. The tonometer was then filled with 


| ao || 
0.019 
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oxygen-free nitrogen and rotated in the bath at 38° for 20 minutes. 
Removal of the gas from the blood and resaturation with fresh 
N, were carried out in this manner three times. Thereafter, with- 
out further exposure of the liquid phase to vacuum, the gas phase 
was replaced by N; three times more, each replacement being 
followed by a 40 minute rotation of the tonometer at 38°. For 
final saturation, the gas phase was replaced three times with pure 
nitrogen, and the tonometer was rotated at 38° for 2 hours, with 
the usual equilibration of the system to atmospheric pressure. 
The liquid phases were analyzed as indicated above under that 
heading. No demonstrable oxygen was present in the gas phases 
of the reduced samples. 

We have found the same N; solubility in oxygenated as in 
reduced blood. Our results on this point confirm those of Conant 
and Scott (1926) and of Stoddard (1926-27), and are contrary to 
the earlier data of Bohr (1897), which indicated a higher solubility 
in oxygenated blood. 


SUMMARY 


Solubility in Plasma, Cells, and Blood at 38°—The solubility 
coefficients of N2 in normal plasma and cells have been found to be 
0.0117 and 0.0146 respectively, values which are 92 and 112 per 
cent of the solubility (0.01272) in water. 

In whole blood the solubility increases with the hemoglobin 
content. At 38° the relationship is expressed by the equation 


a = 0.0117 + 0.00064 (volume per cent O, capacity) 


Normal blood dissolves 1 or 2 per cent more Nz than does water. 
Hemolysis does not alter the N, solubility. 

Effect of Plasma Constituents—Of the 8 per cent by which the 
solubility in plasma is depressed below that in water, half is attrib- 
utable to the effect of the salts in lowering the solvent power of 
the plasma water. The other half is attributable to displacement 
of water (about 5 cc. per 100) by inert proteins, the effect of which 
is but partly balanced by the solvent action of the lipids. 

Effect of Hemoglobin—Dissolved hemoglobin takes up per gm. 
approximately 1.3 times as much N, as water under the same N2 
pressure. This effect makes N: approximately 1.12 times as 
soluble in blood cells as in water, and 1.23 times as soluble as in 
plasma. 
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Effect of Plasma and Cell Lipids—The lipids dissolve measurable 
amounts of Ne, but in non-lipemic blood or plasma the effect on the 
solubility is only in the neighborhood of 1 to 2 per cent. 

Absence of Oxygenation Effect—The nitrogen solubility coefficient 
is the same for both oxygenated and reduced blood. 

Absence of Adsorption Phenomena—The amount of N; dissolved 
by blood and by hemogiobin solutions under N: pressures, varying 
from atmospheric downwards, has been found directly propor- 
tional to the Nz pressure, in accordance with Henry’s law. The 
portion of the N, taken up by the hemoglobin present followed 
the same law. No evidence was found that any part of the N, 
taken up by blood is held by adsorption on the hemoglobin, or by 
any other process that does not follow Henry’s law governing the 
solution of gases in liquids. 
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The O, solubility coefficient in blood hitherto used by most 
authors has been that estimated by Bohr (1905). Bohr did not 
really determine this value. He measured the solubility of H, in 
blood and in water, and found that it was 92 per cent as great in 
blood as in water. On the assumption that O, would also be 92 
per cent as soluble in blood as in water, he estimated its solubility 
coefficient to be 0.022 at 38°. 

However, the assumption that different gases have the same 
“relative solubility” (ratio of observed solubility to solubility in 
water) in blood has been found inexact for COz, Hs, and Nz (Van 
Slyke, Sendroy, Hastings, and Neill, 1928; Van Slyke and Send- 
roy, 1928; Van Slyke, Dillon, and Margaria, 1934). Hence only 
directly determined values for blood O, solubility appear valid. 
These we attempt to supply in the present paper, together with 
data on the effects of different blood constituents on the solubility. 

The question whether that part of the blood O, not chemically 
combined as HbO, is taken up according to the laws of solution of 
gases, or in a manner which indicates adsorption of part of the gas 
by the blood colloids, has been raised by the work of Conant and 
Scott (1926, a) and of Yang (1932-33). Conant and Scott studied 
N;: solubility under varying N: tensions. They found that the 
amounts of Ne dissolved did not follow Henry’s law of direct 
proportionality with the tension, but that at low tensions rela- 
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tively more N: was dissolved. This behavior Conant and Scott 
interpreted as evidence of adsorption of N; by Hb. Because of 
their results with Nz, they suggested that part of the O, taken up 
by blood might also be adsorbed by Hb. Van Slyke, Dillon, and 
Margaria (1934) have shown that when especial precautions 
against technical errors are taken, Ne solubilities are found in 
agreement with Henry’s law, so that the experimental basis for 
Conant and Scott’s suggestion concerning adsorption of O, could 
not be confirmed. It remained, however, to test the adsorption 
hypothesis with O, itself. Such a test became the more desirable 
when Yang (1932-33) recently published O, solubility data for ery- 
throcyte suspensions and hemoglobin solution which, with varying 
O, tensions, deviated from Henry’s law in much the same manner 
as the previous N; data of Conant and Scott. We have accord- 
ingly determined the effect of variation in O, tension upon the 
amounts of O2 taken up by blood under conditions which pre- 
vented HbO, formation and which were designed to minimize the 
technical errors of measuring the low gas concentration involved. 
The results, contrary to Yang’s, have been entirely in accord with 
Henry’s law. 
EXPERIMENTAL 


Preparation of Material 


For oxygen solubility measurements in water and in salt, acid, 
and alkali solutions, redistilled water was used. Just prior to use 
the water was freshly boiled. 

The commercial tank orygen used for the saturations was found 
by analysis to contain 99.5 to 99.6 per cent oxygen and 0.01 per 
cent carbon dioxide. The carbon monoxide used was prepared 
from formic and sulfuric acids (Van Slyke and Hiller, 1928). 

The oz and horse bloods when drawn were mixed with 1.0 gm. of 
K,C,0,-H,O0 and 0.5 gm. of KF-2H,0 per liter of blood. The 
blood was usually used fresh; in a few experiments it was kept in 
an ice box until use the following day. The plasma was obtained 
from horse blood containing only oxalate (1.0 gm. per liter). Cells 
were obtained from the fluoride-oxalate blood. They were washed 
and centrifuged with 0.9 per cent NaCl solution and were used 
either directly for solubility determinations or for the preparation 
of purified hemoglobin solutions. The centrifuged cell material 
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contained 70 to 75 per cent cells by volume (oxygen capacity, 37 
to 40 volumes per cent). For solubility measurements in cell 
suspensions the cells were diluted to the desired concentration with 
0.9 per cent NaCl solution. 

Two solutions of hemoglobin were used for O, solubility deter- 
minations. The first was a solution of stroma-free ox hemoglobin 
and the second was a solution of crystallized horse hemoglobin. 
For the ox hemoglobin solution, 450 cc. of a concentrated ox cell 
suspension (70 to 75 per cent cells) washed with saline were hem- 
olyzed with saponin. The stroma and non-hemoglobin proteins 
were removed by stirring the hemoglobin solution with 250 cc. of 
alumina cream (containing 5 gm. of Al(OH);) according to the 
method of Welker and Williamson (1920). After removal of the 
alumina cream and stroma by centrifugation and filtration with 
suction, the transparent hemoglobin solution was used directly 
for oxygen solubility determinations. 

The recrystallized hemoglobin was prepared from horse cells by 
Heidelberger’s method (1922), modified as described by Van 
Slyke, Dillon, and Margaria (1934). 

Aqueous suspensions of plasma lipids and of cell lipids were 
prepared as described by Van Slyke, Dillon, and Margaria (1934). 


Prevention of Chemical Binding of O2 by Hemoglobin 

To eliminate the presence of chemically combined O, in blood 
and in hemoglobin solutions saturated with the gas, it was neces- 
sary to convert the hemoglobin to a form incapable of forming 
HbO,. Whole blood samples were accordingly treated with 
potassium ferricyanide, sodium nitrite, or carbon monoxide before 
or during saturation of the solution with Ox. 

When nitrite was employed to destroy the oxygen-binding 
capacity of the hemoglobin, about 7.5 moles of NaNO, were used 
per mole of HbO,. (A mole of Hb in the sense here employed is 
the amount containing 1 gm. atom of iron and capable of binding 
1 mole of O:.) Van Slyke and Vollmund (1925) showed that but 
slightly more than 1 mole of nitrite was necessary to inactivate 
completely 1 mole of hemoglobin. It appears, therefore, that we 
used a sufficient excess of nitrite. Haldane, Makgill, and Mavro- 
gordato (1897) regarded the hemoglobin from nitrite addition to 
be a mixture of nitrite hemoglobin and methemoglobin. Hart- 


| 
| 
| 


600 O, Solubility in Blood 


ridge’s (1920-21) results also cast doubt on the identity of the 
nitrite-hemoglobin product with the methemoglobin formed by 
ferricyanide action on blood. However, this point appears not 
to be important in the present work, as long as the change in the 
hemoglobin leaves none capable of binding O,. As has been shown 
by Van Slyke and Vollmund (1925), nitrite, unlike ferricyanide, 
penetrates the red cells, thereby enabling one to work with un- 
hemolyzed blood. 

When ferricyanide was used, the O, solubility values obtained 
were concordant and agreed with those yielded by the nitrite- 
blood mixtures. The results of Blood 12, Table V, show that O, 
solubility values are constant upon the addition of 2.5 to 10.0 moles 
of K;Fe(CN). per mole of HbO, when correction is made for the 
effect of the oxidant. This is in agreement with the results of 
Meier (1925) and of Conant and Scott (1926, a) who found that 
about 2 equivalents of K;Fe(CN). were sufficient, under conditions 
similar to our own, to insure complete inactivation of the hemo- 
globin. It appears, therefore, that in all of our experiments we 
used a sufficient excess of ferricyanide. 

Carbon monoxide provides an entirely different type of reagent. 
The affinity of Hb is so much greater for CO than for O, that it is 
simple to use saturating mixtures of CO and QO, such that the 
HbO, is made a small and accurately calculable value. The equa- 
tion relating CO and O, bound by hemoglobin, to the partial pres- 
sures of CO and QO, in the gas phase at equilibrium, is 


PCO 


~*~ po, 
This equation holds when the tensions of O, and CO suffice to 
cause all of the hemoglobin to be bound to CO or O, (Douglas, 
Haldane, and Haldane, 1912). The constant, k, has been found to 
be 183 for ox blood at 38° unexposed to light (Sendroy, Liu, and 
Van Slyke, 1929). With a mixture of 50 per cent CO and 50 per 
cent Os, the blood at equilibrium will contain less than 0.6 percent 
of the total hemoglobin as HbO,. The oxygen of the HbO, is 
about 10 per cent of the amount of O, in physical solution under 
these conditions. 

Correction for this HbO, oxygen has been made unnecessary by 
determining the physically dissolved O2, under conditions which 


(1) 
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did not liberate O. from the HbO,. The determination of physi- 
cally dissolved O, in the saturated blood was made by extracting the 
dissolved gases in vacuo without addition of ferricyanide. The 
extraction removes only a negligible amount of the O, bound as 
HbO, as indicated by the following calculation. 


We take, as an example, Blood 8, Table V. This material was saturated 
at 38° with a gas mixture containing 46.15 per cent CO and 52.07 per cent Oo. 
According to Equation 1, at final equilibrium with the two gases and prior 
to analysis, the blood should have contained 22.70 volumes per cent of 
HbCO and 0.14 volume per cent of HbO,. When analyzed in the 100 cc. 
manometric apparatus, a 15 cc. sample was shaken with 5 cc. of air-free 
saponin solution for 5 minutes, at 25.5°. The pressures of the extracted 
gases, measured at the 0.5 cc. volume, were 200 mm. and 276 mm. for CO 
and Oz, respectively. At the end of the extraction, the pressures in the 
80 cc. volume of gas phase above the 20 cc. of blood solution must therefore 
have been 1/160 of the measured pressures, or 1.25 mm. for CO and 1.73 
mm. for O,. A CO tension of 1.25 mm. would be equivalent to an O, tension 
of at least 229 mm. (Peters and Van Slyke, 1931, p. 614); hence practically 
no reduced hemoglobin could have been present after extraction. Equa- 
tion 1, therefore, would apply. The value of k would be increased about 30 
per cent by the temperature change from 38° to 25° (Barcroft, 1928, p. 168). 
On the other hand, light would cause a decrease in this value. Since no 
data on the effect of light are available, we use the value of 238 for k at 25°. 
Such difference from the true value as this may have would not significantly 
affect the results. The calculation gives, for conditions at the end of 
extraction, 22.71 volumes per cent for HbCO and 0.13 volume per cent for 
HbO, in the blood, indicating, by difference from the calculated initial 
blood values, that the analytical extraction removed only 0.01 volume per 
cent of O, that was in the form of HbO>:. 


That there was likewise no measurable change in the initial 
HbCO content during the extraction is indicated by the fact that 
the amount of CO extracted corresponded to the amount calculated 
to have been in physical solution. 

Assuming a for CO in blood to be the same as in water (which is suffi- 
ciently exact for the small CO amounts concerned), the calculated amount 
of dissolved CO in a 15 cc. sample of the above blood, at 38°, would be 0.119 


ec. The amount of CO found in the gases extracted was 0.120 cc. The 
amount bound by the hemoglobin, and not extracted, was 4.060 cc. 


Saturation of Samples with Oxygen 


Saturation was carried out in a water bath maintained within 
+0.05° of the desired temperature. With the few exceptions 
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noted in Table IX, the bath was kept at 38°. The saturations 
were carried out by the bubbling method or by the rotating tonom- 
eter method, both of which have been used and described by 
Van Slyke, Sendroy, Hastings, and Neill (1928). 

The bubbling method was used for water, the chloride, nitrite, 
ferricyanide, lactic acid, and sodium hydroxide solutions. For this 
procedure, the saturating vessel contained approximately 50 cc. of 
solution. The bubbling apparatus was modified by the elimina- 
tion of stop-cocks so that stop-cock grease could not be carried 
into the solutions and cause an increase in oxygen solubility. The 
composition of the gas phase at equilibrium was assumed to be 
identical with that of the analyzed tank oxygen. 

The double tonometer saturation method was used for plasma, 
whole blood, cell suspensions, and hemoglobin solutions, which 
would foam if gas were bubbled through them. Control satura- 
tions with the double tonometer were also made of water and some 
of the salt solutions. The capacities of the large and small cylin- 
ders of the double tonometers used were 800 cc. and 50 cc., re- 
spectively. For water and fluoride solutions, two renewals of the 
gas phase were made and the composition of the gas phase at 
equilibrium was assumed to be identical with that of the analyzed 
tank oxygen. The other solutions, all of which contained bicar- 
bonate, were saturated with only a single portion of gas, and the 
composition of the gas phase at equilibrium was determined by 
analysis. Depending upon the particular solution and the method 
of saturation, 1} to 2} hours were found to be more than sufficient 
for éomplete saturation of the samples with oxygen. 

After saturation the solutions were separated from the gas phase 
and stored over mercury without contact with air. When neces- 
sary, the gas phase also was put aside for analysis. Both phases 
were analyzed for oxygen as soon as possible. 

When, instead of pure oxygen, mixtures of oxygen and nitrogen 
or oxygen and carbon monoxide were used for saturation at lower 
O. tensions, the method of double tonometer saturation was the 
same as above, except that the procedure for filling the large tonom- 
eter with gas was modified. The tonometer was evacuated and 
washed with pure oxygen several times, the desired pressure of 
oxygen was admitted, and either nitrogen or carbon monoxide 
was then allowed to fill the rest of the vessel to atmospheric pres- 
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sure. When CO was used, the tonometer was covered with tin- 
foil (Sendroy, Liu, and Van Slyke, 1929) to exclude light, and all 
containers were jacketed against light. (For arrangement of 
apparatus with manometer to measure pressures of gas admitted, 
see Peters and Van Slyke, 1932, Fig. 45, p. 302.) 


Analyses of the Liquid Phase 


The oxygen contents of the blood, ete., were determined in the 
Van Slyke-Neill (1924) manometeric gas apparatus. The extrac- 
tion chamber was of 100 cc. capacity and the pressure readings 
were made at 0.5 cc. volume. 15 cc. samples were introduced into 
the air-free apparatus without exposure to air, by the use of a 
special pipette with a 3-way stop-cock (Van Slyke and Neill, 1924, 
p. 570). In the case of water, acid and salt solutions, and plasma, 
a few drops of 2 N sodium hydroxide were also introduced in order 
to avoid the extraction of carbon dioxide with the other gases. 
In the case of blood and hemoglobin solutions, for reasons given 
below, this was not done. To the whole blood and cell suspen- 
sions 5 ce. of air-free 2 per cent saponin solution were added in 
order to hemolyze the cells and to facilitate extraction of the gases. 
The extraction was made by shaking the chamber 5 minutes. 
After the extraction, if no alkali had previously been added, carbon 
dioxide was absorbed with 1 cc. of air-free 1 Nn NaOH solution. 
The pressure p, was read. The oxygen was then absorbed with 
1.5 ec. of air-free Fieser’s (1924) hyposulfite solution (15 gm. of a 
10:1 mixture of NaS,0, and sodium anthraquinone-6-sulfonate in 
50 ec. of 1 nN KOH solution); the pressure p. was then read. The 
c correction (about 1.5 mm.) was the p; — p: value obtained before | | 
and after addition of 1.5 ec. of hyposulfite to the gas-free chamber 
containing either 15 or 20 cc. of air-free water. 

The pressure, at 0.5 cc. volume, of the oxygen extracted from the 
sample was calculated as Po, = pi — p2 — c. The volume per 
cent of oxygen in the blood or other fluid was obtained by multi- 
plying Po, with factors computed asdescribed by Van Slyke and Neill 
(1924, pp. 540-541). The values of Po, measured in the analyses 
were about 500 mm. for samples saturated with pure oxygen at 
38°. Duplicate analyses were made of all samples. The oxygen 
pressures obtained in the duplicate analyses agreed within less 
than 2 mm. in all cases except when erythrocyte material was 
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present. In the latter case the second determination was invari- 
ably lower than the first, because the cells consumed oxygen while 
the solutions were awaiting analysis. Such samples were rapidly 
cooled by immersion in tap water or in ice immediately after 
removal from the equilibrating bath. Extrapolation of the deter- 
mined O, contents to the moment when equilibration was ended 
was carried out as described below under “Calculations.” 

The weights of water per cc. of solution were calculated from the 
density and the concentration in the case of the acid, alkali, and 
salt solutions. The densities were taken from the “International 
critical tables.” Of plasma, whole blood, cell suspensions, and 
hemoglobin solutions, 2.00 cc. samples were weighed and dried to 
constant weight at 115°. The drying required 4 to 6 hours. 

Measurements of the orygen capacity of whole blood, cell sus- 
pensions, and hemoglobin solutions were made according to Send- 
roy (1931). 

Total base was determined gravimetrically according to Van 
Slyke, Wu, and McLean (1923). 

Hematocrit determinations were made on cell suspensions in 
isotonic salt solution according to the usual method (Peters and 
Van Slyke, 1932). 

Lipid carbon determinations on aqueous lipid suspensions were 
kindly carried out for us by Dr. Kirk, according to the procedure 
of Van Slyke, Page, and Kirk (1933). 


Analyses of the Gas Phase 


Carbon dioxide and oxygen in the gas phase were usually deter- 
mined according to the manometric procedures of Van Slyke and 
Sendroy (1932), or of Van Slyke, Sendroy, and Liu (1932). The 
Haldane apparatus was used for some CO, analyses. 


Calculations and Corrections 


Calculation of Oxygen Contents of Blood and Solutions—The 
volume per cent of O, obtained in analyses of saturated blood or 
solution was calculated from the Po, measured at 0.5 cc. volume 
by factors computed with Equation 6 of Van Slyke and Neill 
(1924). 

Extrapolated Correction for O. Consumed by Hemoglobin-Contain- 
ing Fluids during Interval between Saturation and Analysis—While 
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oxygen-saturated blood or other hemoglobin-containing material 
stood at room temperature awaiting analysis, part of the dissolved 
O, was slowly consumed. In these samples, the consumption was 
more rapid in the material treated with ferricyanide or nitrite 
than in that treated with CO (Table V), but was significant even 
in the latter. Toa diminished extent, a similar consumption of 
oxygen took place in the case of our experiment with cell lipid sus- 
pensions in water. 

In determining the O, content of the samples, the first analysis 
was begun as a rule 25 to 30 minutes after the end of saturation. 
A duplicate analysis was begun 30 or 40 minutes later. In the 
cases where O, consumption was evident, in order to estimate the 
O, content of the material at the end of saturation, a linear time 
curve of the O, content of the fluid was drawn through the two 
points obtained. Extrapolation of this line back to the moment 
when saturation was ended served to estimate the O, content at 
that instant. The extrapolated addition to the result of the first 
analysis varied from 3 to 10 per cent. 

Unit of Electrolyte Concentration—For blood the significant con- 
centration ratio is that of solute to water (Van Slyke, Wu, and 
McLean, 1923); hence the results are expressed in terms of that 
unit. 

Calculation of Solubility Coefficients, a and a°—The calculations 
of the oxygen tension under which the solutions were saturated, 
and of the solubility coefficients a and a°, were made as described 
by Van Slyke, Sendroy, Hastings, and Neill (1928), the only 
change being that in the present case O, replaces the CO, in the 
equations of the above authors. (a is the Bunsen solubility co- 
efficient, cc. of gas, measured at 0°, 760 mm., which are dissolved 
in 1 ce. of liquid saturated with the gas under 760 mm. pressure; 
a is the ce. of gas dissolved under the same conditions per gm. of 
water in the liquid.) 

Correction of Solubility Coefficients for Reagents Added to Blood— 
The presence of ferricyanide or nitrite in water decreases the solvent 
power of the water for O2.. To correct for this effect, the O» solu- 
bility depressions per mole of added ferricyanide and nitrite were 
determined in aqueous solutions of these salts (Table II), and cor- 
responding corrections were applied to the observed blood oxygen 
solubilities. These corrections added from 2.2 to 3.3 per cent to 
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the observed blood O, solubilities determined in the presence of 
ferricyanide, and 1.8 per cent to those determined in the presence 
of nitrite. Itis probable that the effects of ferricyanide and nitrite 
on O, solubility in blood are slightly different from their effects in 
pure water solutions, but it does not appear that the differences 
could alter the above corrections enough to affect significantly the 
values of the corrected blood O, solubilities. 

Experiments controlling the effect of saponin on O, solubility in 
water showed no appreciable effect. 

Correction for Change of NaHCO; to Na,CO; during Saturation of 
Aqueous Bicarbonate Solutions—In the saturation of aqueous 
NaHCO; solutions with pure Os, there was a loss of CO, from the 
solution to the gas phase, accompanied by a corresponding con- 
version of about 10 per cent of the NaHCO; to Na,CO;. The exact 
change in each case was calculated from the analyzed change in 
the CO, content of the solution. From previously established 
oxygen solubility values in NagCO; solutions, the results of oxygen 
solubilities in the NaHCO; solutions were corrected for the slight 
effect of the partial change to Na,COs. 


RESULTS 


Water—Our value for the Bunsen solubility coefficient, a, in 
water at 38° is 0.02323 (Table I). This is the average of twelve 
determinations, seven by the bubbling method and five by the 
tonometer procedure. Each O, content given represents the mean 
of duplicate analyses. The results for water are given in detail in 
order to indicate the limit of accuracy of the technique. None 
of the twelve determinations differs more than 3 parts per 1000 
from the average. 

The last four of our results appended to Table I show the slight 
increase of O, solubility values found when the gas was bubbled 
through a stop-cock which had been greased. When the cock 
was eliminated from the saturating vessel, the results by the 
bubbling method agreed with those by the tonometer method of 
saturation. 

Electrolyte Solutions—In order to obtain data to correct for 
variations in electrolyte content, we have determined the solubility 
of O, in solutions of the salts most abundant in blood plasma, and 
of the salts which we have added to blood in the course of some of 
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TaBie 
Solubility of O. in Water at 38° 
H,0 content of solution = 0.997 gm. per cc. at 24-27°. 


Method of saturation* Cr O: tension 


. . 


RESERSR 


B, with O, bub- 
bling through a 
greased stop- 
cock 


Results of previous authors 


* T indicates saturation in a tonometer; B indicates saturation by the 
bubbling method. 

+t The O; contents given here and in the following tables are those found 
in solutions brought to room temperature of 24-27°. The volume shrinkage 
of 0.3 to 0.4 per cent in the solutions caused by cooling from 38° is corrected 
for in calculating a and @°, as detailed by Van Slyke, Sendroy, Hastings, 
and Neill (1928). 

t Calculated for pure H,0 after correction for depression in a of 0.00003, 
due to the presence of NaOH (0.001 to 0.002 m) during O, saturation. 


our experiments. For comparison with NaHCO; we have also 
determined the effect of Na,CO; and NaOH. The results are 
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a a? 
vol. per cent pre. cc. ope gm. 
700.1 0.02324 0.02340 
2.193 714.2 0.02324 0.02340 
703.5 0.02326 0.02342 
706.0 0.02321 0.02337 
2.195 715.3 0.02328 0.02344 
RCN 705.8 0.02331 0.02347 
2 716.9 0.02322t 0.02338 
719.5 0.02323t 0.02339 
2. 718.6 0.02314t 0.02330 
715.8 0.02324t 0.02340 
2. 699.6 0.02321 0.02336 
698.2 0.02323 0.02339 
2.197 711.4 0.02338 
2.199 710.2 0.02343 
2.177 704.2 0.02340 
2.181 703.2 0.02348 
0.02387 
0.02360 | 
0.02389 | 
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givenin Table II. The technique and the accuracy were the same 
as in the experiments recorded in Table I. Hence the details of 
observations are omitted, and the results are expressed in terms 
of the A, and Aw, the lowering of a and a® per equivalent con- 
centration of electrolyte present. The experiments covered a 
range up to 0.3 equivalent, which exceeds any electrolyte concen- 
tration values observed in our blood or plasma preparations. The 
effects of the electrolytes on a and a° were found to be linear func- 
tions of the concentration up to 0.3 equivalent per kilo of water. 


Tasie II 
Effect of Certain Electrolytes on Solubility of Oxygen in Water 
Values of A hold for electrolyte concentrations up to 0.3 gm. equivalent 
per kilo of water. A = solubility depression per equivalent of electrolyte. 


7 Dep of O2 solubility per unit concentra- 
Electrolyte tion of peta in equivalent per kilo water 


NaHCoO,.... 


For a given electrolyte solution, of total salt content not over 0.3 
equivalent per kilo of water, the values of a and a® at 38° can be 
calculated from the values in Table II by Equations 2 and 3. 

(2) a = 0.02323 — CA, 
(3) = 0.02339 CAa 
C is the electrolyte concentration in equivalents per kilo of water 
(molal (Lewis and Randall, 1923)). £.g., for 0.155 u NaCl solution 


a = 0.02323 — 0.155 X 0.0073 = 0.02210 
a = 0.02339 — 0.155 X 0.0068 = 0.02234 


Horse Plasma at 38°—The solubility data for a number of horse 
plasmas are reported in Table III. The plasma was separated 


4, 

0.0069 0.0064 
0.0078 0.0076 
0.0054 0.0050 
0.0060 0.0050 
0.0071 0.0067 

0.0081 0.0076 

0.0085 0.0086 

0.0090 0.0091 

0.0003 —0.0003 

XUM 
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from whole blood treated with K,C,0, and NaF. The eleven 
values given represent eleven different saturation experiments, 
each with duplicate plasma oxygen content determinations. In 
contrast to the hemoglobin solutions, in which the second of 
duplicate determinations was invariably lower than the first, each 
plasma saturated at a given O, tension gave duplicate O, contents 
which were the same within the analytical limit of error. The 


Taste III 
Solubility of Oxygen in Horse Plasma at 38°. Tonometer Method of Saturation 


Time H:O 
Sample | after Total omnteeh O: content | O2 tension 
No. bleed: base at 24-27° at 24-27° at 38° 


gm. per cc. |vol. per cent 
0.928 


0.938 


§ 


_ 


156.5 


28 #8 


2 154.7 


1 153.8 


* Corrected for fluoride and oxalate. 


values of a and a® given in Table III are corrected according to 
Table II for the oxalate or oxalate and fluoride added to the blood, 
although the corrections were within the experimental variation of 
the results. Standing in the cold over lengths of time up to 4 
days caused no apparent change in plasma with respect to its 
capacity to dissolve oxygen. 

The average value in plasma for a°, 0.02243, is close to the a°® 


| 
| 
| 
— 
a a? | 
dan | wm. | 
1 1 692.8 | 0.02024 | 0.02191 : 
3 700.8 | 0.02086 | 0.02258 
2 1 706.1 | 0.02084 | 0.02230 
2 ; 710.0 | 0.02068 | 0.02214 
3 700.0 | 0.02054 | 0.02200 
3 | 2 | 167.5 | 0.937 705.8 | 0.02079 | 0.02227 
3 698.0 | 0.02078 | 0.02226 
4 3 | mm | 0.936 710.3 | 0.02132 | 0.02288 
4 708.7 | 0.02138 | 0.02294 | 
5 0.937 699.4 | 0.02108 | 0.02258 | 
6 0.933 700.0 | 0.02125 | 0.02286 | 
............................. | 0.0089 | 0.02243 | 
| 
| 
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value, 0.02234, indicated by Table II for isotonic NaCl solution of 
0.155 mM concentration. Hence it appears that a gm. of water in 
plasma dissolves nearly the same amount of O, as a gm. of water in 
physiological NaCl solution, and that the proteins, lipids, and other 
organic constituents of normal plasma dissolve relatively little 
O.. The slight solvent effect of plasma lipids is indicated by 
Table IV. 

The solvent effect of the plasma organic constituents on O, seems 
to be much less marked than on CO, (Van Slyke, Sendroy, Hast- 


IV 


Oxygen Solubility in Plasma and Cell Lipid Suspensions in Water at 38°. 
Tonometer Method of Saturation 


Os in solution 
Lipid HO at 24-26° 

Liquid phase concen- content ea 
tration | at 24-26° |) Gon. [In time 
tent |interval 


mg. lipid 
carbon per of mm, 


Water 2.145) 


Plasma lipid sus- j 2.194 
pension in water 


Cell lipid suspen- 
sion in water 


717.0} 0.02329) 0.02360 


ings, and Neill, 1928), or on Hz (Van Slyke and Sendroy, 1928), 
but is about the same as the effect on N: (Van Slyke, Dillon, and 
Margaria, 1934). For the four gases, O., Ne, CO2, and He, the a® 
values in normal plasma have been found to be, respectively, 0.4, 
0.8, 4.0, and 6.0 per cent higher than in isotonic saline solution, 
indicating that the organic constituents (chiefly or entirely the 
lipids) cause these percentage increases in the amounts of gas 
dissolved. 

Bohr (1905) found oxygen 97.5 per cent as soluble in normal 


\ 
= | ec. Os Oz 
698.2} 0.02323) 0.02339 
712.7| 0.02330} 0.02356 | 
3s 
2.111} 35 
2.190} O | 712.7) 0.02325) 0.02356 
2.111} 40 
2.158] 20 
2.205; 0 
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plasma as in water. Our results show an a value for plasma only 
90 per cent as great in plasma as in water. Of the 10 per cent 
depression, about 5 per cent is attributable to the salts, and about 
5 per cent to displacement of water by the proteins. 

Whole Blood at 38°—The results are given in Table V. The 
saturations were all made by the double tonometer method. Cor- 
rection for oxygen consumption by the blood was made by extrap- 
olation as previously described; the analytical results used for 
the extrapolation are given in each case. 

The solubility values are the same from bloods treated with car- 
bon monoxide as from those treated with NaNO, and K;Fe(CN)., 
when corrections are made for the effect of the nitrite and ferri- 
cyanide on the solubility of O.in water. Therefore it appears prob- 
able that the effect of these reagents on the hemoglobin did not 
alter its influence on the oxygen solubility. 

In the last column of Table V the solubility of O, in the cells 
isestimated by Equation 4. 


(4) = — apVy)/Ve 


Qcetls = @ Value for cells; a, = observed a value for whole blood; 
a, = average a value for plasma, viz. 0.02089, from Table III; V. = 


volume of cells per unit volume of blood; V, = volume of plasma 
per unit volume of blood. V,. was calculated as 2.2 X (volume 
per cent O, capacity), the factor 2.2 having been found by various 
authors to hold for average normal human blood (Peters and Van 
Slyke, 1931, p. 548). V, was calculated as 1 — V.. Considerable 
variation is to be expected from cell solubilities calculated indi- 
rectly in this way, because the values of a, and of the factor 2.2 
which are assumed to be constant, actually vary somewhat in 
different bloods. The effects of these variations in the assumed 
constants is greater than the experimental error in determining 
a». The values found for a@cens in Table V are as uniform as 
could be expected from data calculated with average values for the 
above constants. 

As quoted in the introduction, Bohr (1905) calculated O, to be 
0.92 as soluble in blood as in water, because he found H, to be so. 
Our directly determined O, solubility is 0.99 as great as in water. 
However, the —7 per cent error in Bohr’s assumed apiooa :@H20 
ratio for O. was partly compensated by his taking a value for O, 
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Fig. 1. Effect of variation of hemoglobin content on solubility of O, at 
38° in blood (cells + plasma) and in suspensions of cells in 0.155 m NaCl 
(cells + salt solution). Points are marked a, @, and X to indicate 
data obtained with cells from Bloods A, B, and C, Table VI. Values 
for 0.155 m NaCl and for plasma are from Tables II and III. When the 
total base content of plasma or blood varies markedly from the usual 
0.165 equivalent per kilo of H.O present, the values of a and a® for such 
blood can be estimated by adding, to the values interpolated in the above 
figure, the correction, 0.007 (0.165 — B), where B represents the total base 
content in equivalents per kilo of H,O (see Table II). If B exceeds 0.165, 
the correction is negative. 


solubility in water which, according to our results, was 3 per cent 
too high. Consequently his estimated value of 0.022 for the a of 
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O2 in blood was only 4 per cent lower than our observed value, 
0.0230. 

Cell Suspensions at 38°—When, as in Table V, cell a values are 
calculated from observed blood @ and average normal plasma a, 
considerable error is introduced by the variation of plasma a from 
the average. To avoid this source of error, we have determined a 
values in suspensions of cells, in which, as the suspending medium, 
plasma was replaced by 0.155 m NaClsolution. The concentration 
of cells in the suspensions was varied, so that the solubility in pure 
cells could be found by extrapolation. The results are given in 
Table VI and in Fig. 1. 

The technique was the same used for the determinations on 
whole blood reported in Table V. The rate of oxygen consump- 
tion in the saline suspensions was similar to the rate in whole blood, 
shown in Table V. The data for oxygen consumption and extrap- 
olated O, content are therefore omitted from Table VI. 

In Fig. 1 values of a and a® for human cells are indicated by 
extrapolation to an O, capacity of 45.4 volumes per cent, while 
values for ox cells are indicated by extrapolation to an O, capacity 
of 51 volumes per cent. The reason for use of different extrapola- 
tions for the two species of blood is the following. In average 
normal human blood various observers have agreed that the rela- 
tionship between volume of cells and O, capacity is expressed by 
the equation 


Ce. cells per 100 cc. = 2.2 X (volume per cent O, capacity) 


whence, 100 per cent cells = 45.4 volumes per cent of O2 capacity 
(Peters and Van Slyke, 1931, p. 548). For suspensions of ox cells 
in 0.155 u NaCl, however, we have found by hematocrit determi- 
nations that the factors 1.96 and 51 replace 2.2 and 45.4 in the 
above equation, the hemoglobin in the ox cells being somewhat 
more concentrated than in human cells. We have therefore 
extended extrapolations to 51 volumes per cent of O» capacity in 
order to obtain a and a® values for the cell suspensions with which 
the experiments were done. The effect on a of the difference 
between the two extrapolations is within the limit of experimental 
error; for human cells the extrapolated cell a is 0.0258, and for ox 
cells, 0.0262. 

In the last column of Table VI we have placed values of ayy», 
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calculated as the cc. of O, dissolved by 1 gm. of hemoglobin under 
760 mm. of O, pressure. The calculation was similar to that of 
ayp for Nz. in Paper XVIII (Van Slyke, Dillon, and Margaria, 
1934). The equation used was 


(5) = [HzO ]a*satine)/ [Hb] 


{H,O] = gm. of per ce. of suspension. = value of 
0.155 m NaCl = 0.02234 (see discussion of Table II). [Hb] = 
gm. of hemoglobin per cc. of suspension calculated as volume per 
cent of O. capacity/(1.34 100). The values for ayuspension have 
first been corrected for the effect of added electrolytes, such as 
NaNO,. 

In the calculation it is assumed that the solubility, a .atine per 
gm. of water is the same in all the water present in the suspension 
as in the water of 0.155 m NaCl solution. That this assumption 
has but slight error seems probable; the solution outside the cells 
was 0.155 m NaCl, and the solution inside had been brought into 
equilibrium with the same NaCl solution by previous washing of 
the cells with it. Furthermore, calculations indicate that mixtures 
in proportions of 3:1 to 1:3, of 0.155 m NaCl and cells containing 
0.165 equivalent of base per kilo of water contain 0.158 to 0.162 
equivalent, respectively, of base per kilo of water of the suspen- 
sion. Hence, the use of the a® of 0.155 m NaCl appears to intro- 
duce no appreciable error into the calculation of ayy. 


Solubility of O. in Hemoglobin Solutions at 38° 


In order to demonstrate the effect of hemoglobin in solution, 
independently of other cells constituents, the solubility of O. was 
measured in hemoglobin solutions prepared as described under 
“Preparation of material.” 

One set of solubility determinations (Table VII) was carried 
out with a solution of recrystallized horse hemoglobin, while the 
other was carried out with laked ox cells which had been cleared of 
débris and non-hemoglobin protein by treatment with aluminum 
hydroxide cream. 

The value found for ag, is approximately the same found in 
Table VI in experiments with cell suspensions, indicating that, 
whether the hemoglobin is in the cells or in free solution, its effect 
in increasing the physically dissolved O, is about the same. 
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Present results 

Hb = 21 vol. * 0, capacity 
<ca.44% cell volume — 
<ca.15.1 gm. Hb/100 ce. 


8 
3 
i 
E 


100 200 300 400 500 600 100 
Millimeters O2 tension 
Fic. 2. Comparison of present results with those of Yang (1932-33). 
The points indicating our results are marked to designate the sources of the 
data in this paper as follows: @ blood, Table V; X blood, Table VIII; 0 
saline-cell suspension, Fig. 1; © saline-cell suspension, Table VII. 


+ Total base before addition of nitrite. 
t Corrected for effect of added NaNoO,. 
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Solubility of Oxygen in Cell Suspensions under Low Oxygen Tensions. 
Agreement with Henry’s Law 


Our results are given in Table VIII. Comparison with those of 
Yang is shown in Fig. 2. The difference in experimental findings 
we are unable to explain. Yang’s paper is in the form of a pre- 
liminary communication, and without enough details to make 
possible an analysis of the technique. He inactivated the hemo- 


0.044 


a® blood 


0.040 

0.036 N 
@ 

0.032 » 

0.028 ies 


0.024 


Temperature,’C. 
Fia. 3. Effect of temperature on oxygen solubilities 


globin with amounts of NaNO, which were adequate. The only 
essential difference in handling of material between his experi- 
ments and ours appears to be that after treating his cells with 
nitrite he washed them with cyanide solution, which would pre- 
sumably form cyanhemoglobin (Stadie, 1920). To what extent 
this would influence the O, solubility results, we do not know. 
We can only state that our experiments indicate much lower solu- 
bilities than Yang’s and fail to substantiate his peculiar deviations 
from Henry’s law. 
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Yang’s solubility results for the van Dyke-Hastings solution 
appear to be definitely too high. The solubility in this solution 
should almost exactly equal that in 0.155 m NaCl, the effects of 
the other salts present being almost negligible. We have measured 
the solubility of oxygen at 167.6 mm. of O, tension in a van Dyke- 
Hastings solution and have obtained duplicate values in two sepa- 
rate experiments of 0.499 and 0.488 volume per cent of O, content. 
The oxygen content of 0.155 m NaCl at this tension, according to 
the results of Table II, should be 0.490 volume per cent. 


Variation of O2 Solubility in Blood with Temperature Change 


The solubility coefficients for O. in blood at temperatures 
between 20-38° are recorded in Table [X and plotted in Fig. 3. 
The values plotted for water are the average of the results of 
Winkler (1891, 1892) and Bohr and Bock (1891). 

In Table X the solubility results for O, at 38° are summarized 
and compared with those for CO., He, and Ne. 


Corrections for Physically Dissolved Oxygen to Be Subtracted from 
Total Oxygen in Determinations of Blood Hemoglobin by 
Oxygen Capacity Methods 


Van Slyke-Stadie (1921) and Van Slyke-Neill (1924) Methods— 
In each of these methods the blood is first oxygenated by saturat- 
ing it with air at room temperature, and then the total O, content 
is determined. The O, bound as HbO, is calculated by the equa- 
tion, HbO, = (total O.) — (dissolved O.), where (dissolved O,) 
indicates the O2 in physical solution. 

The total O, is determinable by the manometric apparatus with 
a high degree of precision, but the dissolved O2, although a rela- 
tively small quantity, has hitherto been incapable of precise 
estimation, because of uncertainty concerning the solubility of 
O, in blood. The dissolved O, is calculated from the solubility 
coefficient a at the saturation temperature t, the O, content of air 
(20.92 per cent), the barometric pressure B, and the vapor tension 
of water W at t, by the equation: 


Volume per cent dissolved O. = 20.92(B — W)a/760 


The accuracy of the estimation of the dissolved O, depends upon 
the correctness of a, and hitherto no determined values of it have 


been available. 
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TaBLe X 
Summary of Solubilities of COz, H2, N2, and O» at 38° 
Solvent medium 
Gas | Blood of 
Water | | Plasma | Cells | 20 volumes | Hb* 
capacity 
CO.t| 0.545 |0.529 |0.510 |0.44 | 0.47 | 0.018 
a? 0.547 | 0.531. | 0.553 |0.60 | 0.57 
= 1.00 |0.971 |0.93 |0.79 | 0.86 0.03 
0 
1.00 |0.971 |1.01 | 1.10 1.04 
H.0 
Hit | @ 0.01620 | 0.0156 | 0.0153 | 0.0145 | 0.0149 | 0.009 
a? 0.01632 | 0.0158 | 0.0167 | 0.0194 
= 1.000 | 0.963 |0.95 | 0.90 0.93 0.59 
1,0 
a? 
1.000 | 0.968 |1.02 | 1.19 
Nig | @ 0.01272 | 0.01220 | 0.0117 | 0.0146 | 0.0130 | 0.017 
a? 0.01281 | 0.01228 | 0.0124 | 0.0200 | 0.0158 
/|1.000 |0.959 |0.92 | 1.16 1.02 1.33 
1,0 
0 
1.000 | 0.959 |0.97 | 1.56 1.23 
H20 
0:|| | @ 0.02323 | 0.02211 | 0.0209 | 0.0261 | 0.0230 | 0.028 
a? 0.02339 | 0.02234 | 0.0224 | 0.0355 | 0.0278 
= 1.000 | 0.952 |0.90 | 1.12 0.99 1.20 
“1.0 
a? 
1.000 |0.955 |0.96 | 1.52 1.19 


* The value of a for hemoglobin is defined in Paper XVIII (Van Slyke, 
Dillon, and Margaria, 1934) and indicates the cc. of gas taken up by 1 gm. 
of dissolved hemoglobin when the gas tension is 760 mm. For N, the 
values are taken from Paper XVIII. For CO:, He, and Os, agp is calculated, 
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TaBLE X—Concluded 
as described in that paper, from the extrapolated solubility of each gas in 
the cells. The equation used is 
_ —0.713 @ saline 
0.34 

where aejis is the value of a for cells, a saline is the value of a for 0.155 m 
NaCl solution. 0.713 is the assumed gm. of H,0 in cc. of cells, and 0.34 is 
the assumed gm. of Hb in 1 ce. of cells, from data in Paper XVIII. The 
values of ay» thus calculated are of only approximate accuracy, but are 
sufficient to indicate the relative effects of Hb on the solubilities of the 
different gases, a gm. of hemoglobin taking up only 3 per cent as much CO, 
but 133 per cent as much No, as acc. of water. 

t Van Slyke, Sendroy, Hastings, and Neill (1928). 

t Van Slyke and Sendroy (1928). 

§ Van Slyke, Dillon, and Margaria (1934). 

|| Present paper. 


Van Slyke and Stadie (1921) used Bohr’s (1905) calculated a for 
whole blood, which value, as has been noted, was very nearly the 
same as that now found by us. At 20°, results of their O, capacity 
calculations would be about 0.1 volume per cent too high, a dis- 
crepancy which was within the limit of error of their method. 

Van Slyke and Neill (1924), recognizing the lack of a reliable a 
value for blood, assumed, as the most probable approximation, 
that the blood constituents, other than the 0.83 gm. of water per 
ec., had a negligible solvent effect on the gas, and estimated the 
solubility in blood to be 0.83 of that in water. At 20° this estima- 
tion gave 0.5 volume per cent of dissolved Oz, a value which has 
since been routinely employed. It has been used as a constant, 
without correction for changes in the temperature at which the 
blood was saturated, because the effect of robm temperature 
changes on @ in water solutions appeared small compared with the 
possible error in the assumed solubility coefficient. That the use 
of the 0.5 volume per cent value did not cause gross errors was 
shown by Van Slyke and Hiller (1928). They obtained, by the 
Van Slyke-Neill oxygen capacity method, hemoglobin values 
which agreed, usually within 0.2 volume per cent, with values 
determined by the carbon monoxide capacity method, which is 
independent of solubility coefficients. 

The availability of exact O, solubility values now makes possible 
a more accurate estimation of the dissolved Oz, and the inclusion of 
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the temperature effect. The curves of Fig. 4 show the correct 
values for dissolved O, in blood saturated with atmospheric air at 
different temperatures and barometric pressures. These curves 
have been calculated from the O, solubility coefficients of blood in 
Fig. 3. The height of these curves above the 0.5 volume per cent 
level indicates the error of the correction for dissolved O, formerly 
used in the Van Slyke-Neill oxygen capacity calculation. 
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Fic. 4. Oxygen dissolved by blood saturated with air at varying tem- 
peratures and barometric pressures. To be subtracted from total O, in 
the Van Slyke-Stadie and Van Slyke-Neill methods. 


A 10 mm. barometric difference changes the dissolved O. by 
only 0.01 volume per cent. In using Fig. 4 to determine the dis- 
solved O, in ordinary hemoglobin estimations, one may therefore 
use, as a rule, the curve which represents the mean barometric 
pressure of the locality, and neglect the daily deviations. The 
latter will seldom alter the dissolved O. by more than 0.02 volume 
per cent. ; 
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Method of Sendroy (1931)—In Sendroy’s method the blood is 
first mixed with 2.5 to 9 volumes of 0.9 per cent NaCl solution, 
according to the size of sample, and the mixture is saturated with 
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atmospheric air. Hb0O, is calculated, as in the above methods, by 
subtracting dissolved O, from total O.. In this case the dissolved 
O, is the sum of that dissolved by the 0.9 per cent salt solution 
plus that dissolved by the blood. Sendroy estimated the O, dis- 
solved by the salt solution from solubility coefficients of Geffcken 
(1904), which have been confirmed by the writers. The portion of 
dissolved O, taken up by the blood in the blood-salt solution 
mixture, however, he estimated in the same manner as did Van 
Slyke and Neill (1924), except that he calculated it to be 0.85 of 
that in 0.155 m NaCl. The dissolved O, thus estimated was 
accordingly too low by a similar margin. Fig. 5 has been cal- 
culated and charted on the basis of the O, solubility data of this 
paper, and indicates, for the Sendroy method, the subtractions for 
dissolved O, to be made from manometric readings. Fig. 5 is to be 
used in place of Figs. 2, 3, and 4, of Sendroy, and of Fig. 340 of 
Peters and Van Slyke (1932). 

In Sendroy’s original paper (1931) the results of his method 
were compared with those of Van Slyke and Hiller’s (1928) carbon 
monoxide capacity procedure, and found to be from 0.1 to 0.2 
volume per cent of O, capacity higher than the latter. When 
the data are recalculated with the slightly greater deduction for 
dissolved O, indicated by Fig. 5 of this paper, the difference from 
the results of the CO method is reduced to less than the experi- 
mental error. 


SUMMARY 


Oxygen Solubility Coefficients—The following have been found at 
38°: water, 0.02323; plasma, 0.0209; blood cells, 0.0260; whole 
blood of normal hemoglobin content, 0.0230. At 20° the solubility 
coefficient of whole blood is 0.034, the effect of temperature change 
being more marked than in water. 

The constituents of plasma and cells affect the solubility as 
follows: 

Plasma—The solubility coefficient in plasma is 90 per cent of 
that in water. Of the 10 per cent decrease, half is due to the 
salts which act chiefly by depressing the solvent power of the 
water, and half to the proteins, which act by displacing water. 
The plasma proteins are inert as solvents of O,; in this respect they 
differ markedly from hemoglobin. The plasma lipids, in aqueous 
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suspension, of concentrations such as are found in normal blood 
are without significant effect on O» solubility. 

Cells and Hemoglobin—In cells the solubility is 12 per cent 
greater thanin water. The greater solubility is due to the solvent 
effect of the hemoglobin, which takes up at 38° per gm. 1.2 times 
as much OQ, as does water per cc 

The same results were obtained, whether the reagent used to 
prevent chemical combination of O. with Hb was carbon mon- 
oxide, ferricyanide, or nitrite. 

Whole Blood—Oxygen solubility in blood of the hemoglobin 
content normal for men is practically the same as in water. The 
depressing effect of the plasma proteins and the salts is balanced 
by the solvent effect of the hemoglobin. The effect of variation 
in hemoglobin content (Fig. 1) on O, solubility is indicated by the 
equation: 


ag, at 38° = 0.0209 + 0.000108 (volume per cent O, capacity) 


Lack of Evidence of O2 Adsorption—Whole blood and cells follow 
Henry’s law with regard to the amounts of O, dissolved under 
varying O, tensions. There is no evidence to indicate that, when 
HbO, formation is prevented, the gas is taken up by any process 
other than physical solution. 

Correction for Dissolved O2 in O. Capacity Determinations—The 
precision of the O, capacity method for hemoglobin determination 
in blood is increased by calculating ‘the correction for physically 
dissolved O, from the present solubility coefficients for the range 
of room temperature. The slight difference formerly noted be- 
tween O, capacities and CO capacities is thereby eliminated. 
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In 1928 Hendrix and Wilson (1) presented evidence for a de- 
crease in the acid- and base-combining capacity of egg albumin 
solutions on heating at the isoelectric point. This evidence was 
based on a fundamental difference between the titration curves of 
the heated and unheated material, the latter showing a consider- 
ably greater buffering power toward both acid and alkali. Later 
Booth (2) found identical titration curves for native albumin and 
albumin heated at pH 7.0. From these results he concludes that 
heat denaturation does not involve a change in the free amino or 
carboxyl groups of the protein and that Hendrix and Wilson were 
probably not dealing with simple denaturation. 

Wu, Liu, and Chou (3) repeated the experiments of Booth and 
reported a change in the acid- and base-combining power of egg 
albumin on heating at pH 7.0. They found the titration curve 
for heated egg albumin to be nearly parallel to the unheated 
albumin curve but shifted to the alkaline side by about 0.3 pH 
unit. These curves have been interpreted differently by Loughlin 
(4), who pointed out that the two curves were not strictly com- 
parable, since the unheated material had been titrated from a pH 
of 7.0 and the heated material had been titrated from a pH of 7.25. 
Loughlin found that when both curves were calculated to an 
original pH of 7.0, they no longer showed an appreciable difference. 

Prideaux and Woods (5) studied the titration curves of egg 
albumin solutions and presented some data on alcohol-coagulated 
albumin and commercial dried egg albumin. They found the 
curve for commercial dried egg albumin resembled the curve for 
undenatured albumin on the acid side of the isoelectric point. 
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For pH values of from 5.0 to 8.0 their results show a marked 
difference between the curves for dried and undenatured albumin, 
the latter showing a greater buffering power. The significance 
of these results is doubtful, since commercial dried egg albumin 
contains proteins other than egg albumin. The results with 
alcohol-coagulated albumin were very similar to those obtained 
with the commercial albumin. 

Loughlin (4) studied the titration curve of native egg albumin 
solutions but made no titrations on denatured or coagulated albu- 
min. This author states, however, that, “... provided the 
albumin is denatured by not too drastic methods, the curves for 
the undenatured and the denatured protein are congruent over a 
range of pH from 6.0 to 2.5.” 

In view of this apparent disagreement it seemed desirable to re- 
peat the work of Hendrix and Wilson and also the titrations of 
Booth in order that a comparison of the results obtained under as 
nearly identical conditions as possible might be made. 


EXPERIMENTAL 


The egg albumin used in these experiments was purified by twice 
crystallizing by the method of Hopkins and Pinkus (6). The 
solution of the recrystallized albumin was dialyzed in closed 
collodion bags kept in a cold room at 0-6°. After the dialysis had 
been continued until the solution was apparently free from sulfate, 
the albumin solution was filtered and stored in the cold without 
the addition of a preservative. A single stock solution of the 
albumin was prepared in this manner and used for all the experi- 
ments reported in this paper. 

The ammonia content of the stock solution was determined by 
Nesslerization of a tungstic acid filtrate. The stock solution was 
found to contain 3.37 mg. of ammonium sulfate per gm. of protein 
(35.84 ec. of solution). Total nitrogen was determined by the 
Kjeldahl method and corrected for ammonia nitrogen to give 
protein nitrogen. The factor 6.45 (7) was used in calculating 
protein concentration from the protein nitrogen. 

Points on the titration curves were obtained by adding definite 
volumes of 0.01 nN hydrochloric acid or sodium hydroxide to samples 
of the stock protein solution containing 1 gm. of protein, diluting 
the mixture to a total volume of 100 cc., and, finally, determining 
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the pH values of the resulting solutions. In the case of the dried 
albumin the protein was weighed in 1 gm. portions and treated 
accordingly. Each point on the titration curves, therefore, repre- 
sents a pH determination on 1 gm. of albumin dissolved (or sus- 
pended) in a total volume of 100 cc. All the titrations which were 
not begun at pH 4.80 were corrected to this origin. A blank 
curve was obtained by titrating a solution containing ammonium 
sulfate in the same concentration found in the albumin solution. 
Here again the final volume was adjusted to 100 ce. after the 
addition of acid or alkali. The combination curves representing 
the acid and base combined with 1 gm. of protein at the various 
pH levels were obtained by simply subtracting the blank curve 
from the protein titration curves. 

Determinations of pH were made by means of a glass electrode 
system of the type developed recently by Leeds and Northrup 
Company. The system may be described as follows:' 


Saturated calomel | solution | HCI (pH 1.00) | quinhydrone reference 
half-cell electrode 


A B Cc 


The junction at A is through a saturated KCl ground glass 
junction; that at B is through the wall of the glass bulb (permeable 
to H ions); that at C is through liquid contact (hydrochloric acid 
at pH 1.00). 

At 25° the potential at A = 0.2458 volt; the potential at B= 
—0.6401 volt. 

At potentiometric balance, the potential at B (Z’) is given by 

RT, (0.1 H*) 


E = 0.0591 pH — 0.0591 


The potential for the cell may then be written 


E = 0.2458 + 0.0591 pH — 0.0591 — 0.6401, or 
E = 0.0591 pH — 0.4534, or 
pH = (£ + 0.4534)/0.0591 (at 25°) 


1 The quantitative description of this system was taken from personal 
communications from J. W. Robinson of Leeds and Northrup Company. 
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For any temperature, ¢, the equation becomes 
pH = (E + 0.4259 + 0.00002¢)/0.000198327 


where T' is absolute temperature. 

For accurate work with this system it is necessary to determine the 
asymmetry potential of the glass bulb and to make a correction 
for this in the above equation. The asymmetry potential may be 
defined as the potential of the following system. 

Pt, quinhydrone, HCl (pH 1.0) || HCl (pH 1.0), quinhydrone, Pt 


Glass 
membrane 


Designating the potential for this system, the asymmetry 
potential, as Hy then the working equation for the glass electrode 
system becomes 


pH = (E — + 0.4529 + 0.00002¢) /0.00019832T" 


In order that electromotive force measurements could be made 
with a Leeds and Northrup ion potentiometer, it was necessary to 
employ a very sensitive galvanometer. A Leeds and Northrup 
galvanometer No. 2500B was found to be satisfactory. The 
sensitivity of this instrument is given as 0.005 microampere or 2000 
megohms. 

With this apparatus ©.M.F. readings could easily be made to 
within 0.0005 volt. pH determinations are thus accurate to within 
0.02 pH unit, provided adequate checks are made with a standard 
solution. We have used 0.1 nN hydrochloric acid as the reference 
solution throughout this work. All pH determinations were 
carried out in an air bath at 30° + 0.3°. 

Titration curves were obtained on untreated egg albumin and 
_ on egg albumin treated according to each of the procedures listed 
below. Each denaturing treatment is described in detail in order 
that there may be no misunderstanding about the processes 
involved. 

Unfiltered Egg Albumin Coagulated According to the Method of 
Hendrix and Wilson—Samples of the stock solution containing 
1 gm. of protein were measured into 100 cc. volumetric flasks and 
the pH of each solution adjusted to 4.8. Coagulation was brought 
about by heating the flasks in the autoclave for 30 minutes at 
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atmospheric pressure. From this point the titration was con- 
tinued as usual. 

Coagulated Dried Egg Albumin Prepared According to the Method 
of Hendrix and Wilson—A sample of the stock albumin solution 
at a pH of 4.8 was heated in the autoclave at atmospheric pressure 
for 30 minutes, after which it was allowed to stand overnight. On 
the following day the coagulated material was filtered with suction 
and dried by washing first with 95 per cent alcohol and finally 
with absolute alcohol. After driving off the alcohol in an oven at 
60° the material was pulverized and weighed for titration. The 
determinations of pH values were made 18 days after the addition 
of the acid and alkali, during which time the flasks containing the 
suspensions were kept in a cold room at 0-6°. 

Egg Albumin Treated According to the Method of Booth—Samples 
of the stock albumin solution containing 1 gm. of the protein 
were measured into 100 cc. volumetric flasks with sufficient 0.1 N 
sodium hydroxide (3.00 cc.) to bring the pH of the solutions to 
7.0. The flasks were then stoppered and heated on a steam bath 
for 20 minutes. (This time of heating may be somewhat different 
from that employed by Booth who heated until “denaturation 
was complete.” We found, however, that longer periods of 
heating failed to alter the titration curve obtained for this type of 
material.) After the solutions had been allowed to cool, acid and 
alkali were added and the dilutions made as usual. 

Egg Albumin Heated in Acid Solution (pH 3.0)—Samples of the 
stock solution containing 1 gm. of protein were measured into 100 
cc. volumetric flasks and brought to pH 3.0 by the addition of the 
apprepriate quantity of 0.1 N hydrochloric acid (5.00 ce.). The 
solutions were then heated for 20 minutes on a steam bath. From 
this point the titrations were carried out as usual. 

Aicohol-Coagulated Albumin—Samples of the stock albumin 
solution containing 1 gm. of protein and at pH 4.8 were treated 
with alcohol in such quantity that the final concentration of 
alcohol was about 75 per cent. After the addition of a small 
quantity of solid sodium chloride, the mixtures were shaken thor- 
oughly and allowed to stand overnight. On the following day 
the coagulated albumin was centrifuged and the supernatant liquid 
decanted. The coagulated albumin was then treated with 200 ce. 
of 95 per cent alcohol and again allowed to stand overnight. Fi- 


638 Heat Denaturation of Egg Albumin 


nally, the aleohol was removed by centrifuging and twice washing 
the residue with 200 cc. portions of distilled water. The 1 gm. 
samples of alcohol-coagulated albumin thus prepared were sus- 
pended in about 50 ce. of distilled water in 100 cc. volumetric 
flasks and titrated in the usual manner. 


DISCUSSION 


The results of the titrations have been summarized graphically 
in Fig. 1. For reasons of economy of space titration data have 
been omitted. As is evident in Fig. 1, smooth curves were con- 
structed for uncoagulated albumin (Curve A) and heat-coagulated 
unfiltered albumin (Curve B). For the sake of clearness the re- 
maining curves were expressed by their points alone, no attempt 
being made to draw in the completed curves. 

The results confirm those obtained by Hendrix and Wilson. 
The curves for the albumin heated at the isoelectric point deviate 
markedly from the curve for the untreated albumin, the latter 
showing a considerably greater buffering power toward both acid 
and alkali. The only essential difference between the curves 
presented here and those obtained by Hendrix and Wilson lies in 
the position of the curve for the heat-coagulated unfiltered albumin 
(Curve B). Although in both instances this curve is situated 
between the curves for untreated and heat-coagulated dried albu- 
min, our results show it to approximate much more closely the 
curve for the heat-coagulated dried albumin. Since we have 
found that error in adjusting the pH to exactly 4.8 results in 
variations in the position of the coagulated albumin curve, it is 
possible that this factor may account for the difference between 
our results and those obtained by Hendrix and Wilson. 

The striking similarity between the curves for heat-coagulated 
unfiltered albumin, heat-coagulated dried albumin, and alcohol- 
coagulated albumin indicates the same process to be effective in 
each case. Certainly the change in combining capacity of the 
protein for acid and alkali is of the same order. The loss of com- 
bining power might be pictured as due either to a decrease in the 
number of free acid and basic groups of the protein molecule or to a 
decrease in their degree of dissociation. The fact that the curves 
for coagulated and uncoagulated protein tend to approach each 
other at very low and very high pH levels might be taken as 
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evidence for the latter view. Such behavior could as well be 
explained, however, on the basis of hydrolytic processes occurring 
in the more acid and alkaline regions. 


70 


“pH 


Fig. 1. The acid- and base-combining curves of 1 gm. of egg albumin 
after various treatments. Curve A, untreated albumin solution; Curve B, 
unfiltered albumin heated at pH 4.8 according to the method of Hendrix 
and Wilson; © albumin heated at pH 4.8 and dried according to the method 
of Hendrix and Wilson; A albumin coagulated by alcohol at pH 4.8; + 
albumin heated at pH 7.0 according to the method of Booth; 0 albumin 
heated at pH 3.0. 


Some difficulty was encountered in obtaining reproducible results 
for the coagulated dried albumin and alcohol-coagulated albumin 
in the pH range 7.0 to 7.5. There seemed to be a definite tendency 
for the curves to break sharply in this region. This behavior was 
not apparent in the coagulated unfiltered albumin. The nature 
of the break in the curve in this region is such as to indicate that 
some change, hydrolytic or otherwise, is brought about by allowing 
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the coagulated material to stand in this pH region. In order to 
test this point experiments were carried out in the following man- 
1 gm. samples of dried coagulated albumin were treated with 
sufficient 0.01 n sodium hydroxide to give a final pH of about 7.5 
on dilution to a total volume of about 90 cc. After allowing the 


suspensions to stand for a number of days in the cold room, acid 
was added in measured quantities to bring the mixtures back to the 
acid side of the isoelectric point and pH measurements were made. 
Points obtained in this way checked the curve for coagulated dried 
albumin, indicating no hydrolytic effects due to the standing at pH 
7.5. The reason for the break in the curves in the neighborhood 
of pH 7.0 has not as yet been determined, but is probably asso- 
ciated with pH determination rather than the actual behavior of 
the protein. Determinations of the pH values of standard phos- 
phate buffers in this region agreed very closely with theoretical 


The curve for the albumin heated at pH 7.0 according to the 
method of Booth does not appear to deviate significantly from the 
curve for the untreated albumin. Also, when the albumin is 
heated on the acid side of the isoelectric point (pH 3.0) there is 
very little change in the acid- and base-combining power of the 


indistinguishable from the curve for the albumin heated at neutral- 
ity. These results contradict the contention of Booth that “less 
drastic” denaturation of proteins occurs at neutrality. The same 
results were obtained when heating conditions were more severe 
than those employed by Booth; 7.e., heating in the autoclave at 
atmospheric pressure for 30 minutes gave results which were 
identical with those obtained on heating by the steam bath method 


values removed from the isoelectric point produces a change in the 
protein without apparently affecting its combining power. The 


The curve for the material heated in acid solution is 


It is evident that heating the albumin solution at pH 
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change brought about is manifest in the altered solubility of the 
protein at the isoelectric point. The material heated at pH 7.0, 
as well as that heated at pH 3.0, was found to be insoluble in the 
neighborhood of pH 4.8 but increasingly soluble at points removed 
from the isoelectric point. This behavior is characteristic of the 
acid and alkali metaproteins as has long been known. In contrast 
to the metaproteins, the albumin heated at its isoelectric point 
shows no apparent solution in acid or alkali over the range em- 
ployed in our titrations. Likewise the albumin coagulated by 
alcohol at pH 4.8 exhibited little if any solution at points removed 
from the isoelectric point. 

If we are to accept the terminology suggested by Wu? (8) we are 
forced to the conclusion that whereas denaturation results in little 
change in the acid- and base-combining power of the protein, co- 
agulation produces a marked decrease in the combining power. 
Regardless of definitions, our results show that egg albumin which 
has been heated to 100° at the isoelectric point has a different 
acid- and base-combining power from albumin heated at pH 7 or at 
pH 3. We do not wish to express an opinion as to which of these 
changes should be called coagulation and which denaturation. 


SUMMARY 


1. The titrations of Hendrix and Wilson and also those of Booth 
on heated egg albumin solutions have been repeated and confirmed. 

2. The albumin heated at a pH of 7.0 according to the method of 
Booth has acid- and base-combining properties which are very 
similar to those found for egg albumin heated under the same con- 
ditions at pH 3.0. 

3. Egg albumin subjected to heat or alcohol at its isoelectric 
point is different from the product obtained on heating at other 
pH levels. 


2 “Denaturation is that change in the natural protein brought about by 
acids or alkalies, whereby it becomes insoluble in solvents in which it was 
previously soluble. 

‘Coagulation is that change characterized by decrease of solubility of 
the natural or denatured protein, brought about by the action of alcohol, 
heat, shaking, etc., in the isoelectric region of the protein.” 
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The annual production of cranberries in the United States 
amounts to approximately 500,000 barrels, valued at 5 to 6 million 
dollars. Despite the economic importance of the American 
cranberry, Oxycoccus macrocarpus (Vaccinium macrocarpon), it has 
received considerably less attention from a chemical view-point 
than has been accorded the cowberry, Vaccinium vitis idea, which 
serves in the northern European dietary much as the cranberry 
does in America. Wehmer (1) cites numerous instances of the 
identification of citric, malic, and benzoic acids in cranberries. 
Quinic acid, which was presumed by Blatherwick and Long (2) to 
be the precursor of hippuric acid secreted in the urine following 
ingestion of cranberries, was isolated from fresh berries by Kohman 
and Sanborn (3). The red pigment of the cranberry has been 
identified as 3-8-glucosidyl peonidin chloride by Grove and Robin- 
son (4). The mineral constituents of the ash have been deter- 
mined by Morse (5), who also made comparative proximate 
analyses of a large number of cranberry varieties (6). He reported 
as wax the carbon tetrachloride extract of cranberries, and showed 
that this fraction increased during growth; for example, during the 
month of September from 0.40 to 0.47 per cent (fresh weight basis) 
and from 0.28 to 0.35 per cent for Early Black and Howes varieties, 
respectively. 

In view of the fact that most of the residue extracted from cran- 
berry pomace with petroleum ether and ether originates from the 
surface of cranberries and because some of the substances might 
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be similar or related to the constituents previously identified from 
the surface of apples, it seemed desirable to undertake an investiga- 
tion of the cranberry extracts. It was also thought that the 
results of such work might suggest possible commercial uses for 
the constantly accumulating cranberry waste which is produced 
in the processing of the berries for canned sauce and jelly. 


EXPERIMENTAL 


The material used in this investigation was air-dried cranberry 
pomace consisting of cuticle with some adhering cell tissue and 
seeds, the latter comprising about 25 per cent of the weight of the 
residue. This material was furnished through the courtesy of 
Cranberry Canners, Inc., South Hanson, Massachusetts. 

After being ground to pass a 2 mm. sieve the material was 
extracted first with petroleum ether (skellysolve, b.p. 30—-60°) and 
then with ethylether. 4 kilos of ground cranberry waste gave 9.6 
per cent petroleum ether-soluble extract and 10.6 per cent ether- 
soluble extract by the hot extraction method, and 10 kilos gave 
9.8 per cent and 10.2 per cent respectively by the cold percolation 
method. Altogether, 1.40 kilos of petroleum ether-soluble extract 
and 1.49 kilos of ether-soluble extract were obtained. 


Petroleum Ether Extract 


The petroleum ether extract of the cranberry waste, which was 
a yellowish green semisolid mass at room temperature, became 
increasingly pasty with rising temperature until at about 55—60° it 
was transformed into a clear yellowish green liquid. That the 
crude extract contained considerable free fatty acid, calculated 
as oleic acid, was indicated by the fact that it required for neutrali- 
zation 1.52 ml. of N potassium hydroxide per gm., equivalent to 43 
per cent of free acid, or approximately 72 per cent of the total 
fatty acids subsequently isolated. 

A portion (192 gm.) of the extract was saponified for 10 hours 
with 4 per cent alcoholic potassium hydroxide, the alcohol partly 
removed by evaporation, and the residue poured into water. The 
mixture was then extracted with ether and the latter evaporated to 
dryness. The residue representing the unsaponifiable fraction 
was resaponified and again extracted with ether, which was then 
evaporated. After recovery of the acids from the dissolved soaps 
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of the combined aqueous layers, four fractions were obtained as 
follows: aqueous filtrate, fatty acids (115 gm.), unsaponifiable 
fraction (67 gm.), and insoluble interfacial layer (15 gm.). The 
fraction mentioned last was discarded after repeated attempts had 
been made to crystallize it without success. 

Glycerol—After recovery of the acids from the soluble soaps, the 
aqueous filtrate and washings were brought to neutrality by the 
addition of alkali and concentrated on the steam bath until most 
of the sodium salts separated from the concentrated solution. 
These were removed and the liquid was evaporated almost to 
dryness. The residue was extracted with 95 per cent alcohol 
containing a small amount of ether. The alcohol was evaporated 
off, the residue taken up in hot water, and clarified with lead 
acetate. The deleaded filtrate was colorless and on evaporation 
yielded a small amount of a viscous liquid, which on heating with 
potassium bisulfate gave off acrolein, as was evident from its 
acrid odor and the fact that it strongly reduced ammoniacal silver 
nitrate and Fehling’s solution. When dissolved in 1 per cent 
copper sulfate, it gave a clear deep blue solution on the addition 
of concentrated sodium hydroxide. The above tests indicate that 
the aqueous filtrate contained glycerol, but the amount obtained 
was insufficient to account for the total fatty acids being present as 
glycerides. This conclusion is in keeping with the high titration 
value of the crude petroleum ether extract. 

Liquid Fatty Acids 

The fatty acid fraction (115 gm.) was dissolved in 95 per cent 
alcohol, treated with charcoal (darco), and allowed to stand at 
low temperature for several weeks, whereupon a crystalline mass 
slowly separated. After filtering and washing there was obtained 
a light yellow powder weighing 7.5 gm., which appeared to be solid 
fatty acids. The bulk of the acids which remained soluble in the 
alcohol was submitted to the lead salt-ether method of Varrentrapp 
in order to separate the saturated from the unsaturated acids. 
The insoluble lead salts gave an additional 3 gm. of solid acids. 
The soluble lead salts, after decomposition and removal of the lead, 
gave 102 gm. of liquid fatty acids. 

Linolenic Acid—The unsaturated acids were dissolved in a mix- 
ture of glacial acetic acid and ether, which was cooled to — 5° and 
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brominated dropwise with an ice-cold solution of bromine in glacial 
acetic acid. Crystals began separating immediately, but the 
brominated solution was permitted to stand several days in the 
refrigerator before filtering. 20 gm. of grayish white bromides 
were collected and crystallized several times from benzene, where- 
upon there were obtained 9 gm. of hexabromolinolenic acid melting 
at 182-183°. Two bromine determinations! with the micro-Carius 
method gave 63.23 and 63.50 per cent. Theory, 63.28 per cent. 

Linoleic Acid—After separation of most of the impure hexa- 
bromides, the filtrate was heated on the steam bath under reduced 
pressure to remove the ether, and the remaining solution was 
poured into water. After standing in the refrigerator for 24 hours, 
the gummy precipitate was separated by filtration, dissolved in 
ether, and the ethereal solution dried over anhydrous sodium 
sulfate. It was then evaporated to dryness and the residue re- 
peatedly extracted with hot petroleum ether. 

On standing at about 10° for some days, the petroleum ether 
solution slowly deposited crystals. The liquid was separated from 
the precipitate (Crop 1) by decantation and the solution returned 
to the refrigerator. After several days an additional crystalline 
precipitate (Crop 2) separated and was removed as before. Fur- 
ther separation of solids did not occur after 2 weeks. The solution 
was therefore concentrated to a thick sirup, from which crystals 
slowly formed at low temperature. The crystals (Crop 3) were 
separated from the sirup by careful solution of the latter in cold 
petroleum ether. Altogether the three crops of impure tetra- 
bromides amounted to 25 gm., and the sirupy dibromide fraction, 
obtained after the final removal of the petroleum ether, weighed 
124 gm. 

The impure tetrabromides comprising Crop 1 were extracted 
with petroleum ether, in which they were found to be only partly 
soluble. The insoluble portion was recrystallized from benzene, 
which gave 3 gm. of hexabromolinolenic acid melting at 180—181°. 
The soluble portion was combined with Crop 2, and the combined 
material crystallized from petroleum ether. The tetrabromides 


! For the combustion and halogen determinations reported throughout 
this paper, the writers are greatly indebted to R. T. Milner and Mildred 8. 
Sherman of the microchemical laboratory, Fertilizer Investigations, Bureau 
of Chemistry and Soils. 


K. 8. Markley and C. E. Sando 647 


obtained on recrystallization weighed 19 gm. and were still yellow- 
colored. They were therefore dissolved in ether, treated with 
charcoal, and fractionally precipitated by the addition of petroleum 
ether. After recrystallization from petroleum ether, two fractions 
of approximately the same weight (10 gm.) were obtained, one 
melting quite sharply at 107.5-108° and the other considerably 
below 100°. The latter fraction contained a low melting solid 
fatty acid and is therefore described later under solid fatty acids. 
The fraction melting at 107.5-108° was repeatedly fractionated 
from ether by the addition of petroleum ether, until finally there 
were obtained 5.7 gm. of tetrabromides melting at 109.5-110° and 
having a bromine content of 54.65 per cent. The tetrabromides 
comprising Crop 3 were also submitted to fractional separation 
from ether by the addition of petroleum ether, yielding 3.5 gm. of 
nearly pure tetrabromolinoleic acid melting at 113-113.5° and 
having a bromine content of 53.68 per cent. Pure tetrabromo- 
linoleic acid contains 53.28 per cent of bromine and melts at 
113-114°. 

Oleic Acid—The sirupy dibromide fraction, weighing 124 gm., 
obtained by evaporation of the petroleum ether solution after 
separation of the impure tetrabromides as described under linoleic 
acid, was taken up in 90 per cent alcohol, in which medium it was 
debrominated with the aid of metallic zinc. The oleic acid was 
recovered by the usual saponification procedure, after removal of 
excess zinc and decomposition of the zinc salts. 62 gm. of oleic 
acid were obtained having an iodine number (Hanus) of 95.4. 
Theory, 89.93. 

Solid Fatty Acids 

The solid fatty acids came from three sources; namely, (a) 
alcoholic solution of the original fatty acids fraction (7.5 gm.), () 
ether-insoluble lead salts (3 gm.), and (c) Crop 2 under linoleic 
acid (10 gm.). Acids from (a) were crystallized once from ethyl 
acetate-alcohol solution, ‘submitted to the lead salt-ether method 
of Varrentrapp to remove further traces of liquid fatty acids, and 
the regenerated solid fatty acids fractionally crystallized from 
ethyl acetate. Final crystallization was from a mixture of acetone 
and glacial acetic acid. The acids from (b) were fractionally 
crystallized from ethyl acetate-alcohol solution, while those from 
(ec) were recrystallized from petroleum ether, ether, and benzene. 
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The approximate weights, melting points, and neutralization 
values of the various fractions were determined and are recorded 
in Table I. 

The first three fractions recorded in Table I were combined, 
converted into the corresponding barium salts, and exhaustively 
extracted with ether. The regenerated acids were then crystal- 
lized twice from dilute alcohol; 4.5 gm. of fine needles were ob- 
tained, having a melting point of 53.5—54.5° and a neutralization 
value of 181. The last two fractions mentioned in Table I were 
submitted to x-ray examination.2, The value of the roughly 
determined spacing (67.6 + 1.0 A.) and the melting points and 
neutralization values indicated that the fractions were mixtures. 


TaBLe 
Approximate Weights, Melting Points, and Neutralization “ ' 8s of Various 
Fractions of Solid Fatty Acids Obtained from Petr —n Ether- 
Soluble Fraction of Cranberry Pomace 


Suction Weight M.p. Neutralization value 
gm, 
a-4 4.0 52.3-53.5 198 
b-1 54.0 200 
b-2 0.9 55.8-56.0 208 
a-3 0.8 68.5-68.8 177 
a-l 1.5 72.0-73.0 158 
c-1 1.0 78.5-79.0 142 
a-2 1.2 79 .5-80.0 144 


It is obvious, therefore, that the solid fatty acids consisted of the 
usual mixture of plant acids of the series Cys to Cos, which, in view 
of the small amount originally available, cannot be separated into 
definite chemical entities, as has been demonstrated by Francis, 
Piper, and Malkin (7). 


Paraffin Hydrocarbons 


The unsaponifiable fraction (67 gm.) was heated for 7 hours 
under a reflux condenser with a large excess of acetic anhydride. 
After standing overnight the insoluble solid was separated by 


? Measurements of the crystal spacings were kindly made by Sterling B. 
Hendricks of Fertilizer Investigations, Bureau of Chemistry and Soils. 
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filtration and crystallized from 95 per cent alcohol. The light 
yellow solid (28 gm.) was again treated with acetic anhydride 
and recovered. From the acetic anhydride filtrates 45 gm. of an 
oily material were obtained, which after saponification and frac- 
tional distillation at 3 mm. pressure yielded unidentifiable liquid 
oily and solid resin fractions and a small amount of microcrystalline 
substances of neutral reaction, melting at 56—57°. 

Nonacosane and Hentriacontane—The acetic anhydride-insoluble 
portion was crystallized first from alcohol containing a small pro- 
portion of ethyl acetate and then twice from a petroleum ether- 
acetone mixture (1:1), whereupon 5 gm. of hydrocarbon were 
obtained melting at 63.2-65°. Four main fractions melting be- 
tween 63.2-64.5° were obtained from this material by repeated 
fractionation from petroleum ether-acetone mixture, saponification 
with sodiun ‘oxide, and treatment with acetic anhydride. 
Although the erystal spacings (41.2 to 42.0 A., all +0.3) indicated 
that the material consisted of a mixture of hydrocarbons, never- 
theless the results of combustion (C, 84.20 to 84.28; H, 14.46 to 
14.76) showed the presence of oxygenated impurities. The vari- 
ous fractions were therefore combined, and the resulting sample 
repeatedly treated with concentrated sulfuric acid at 104° for 
periods of 14 to 20 hours. The recovered material was finally 
crystallized several times from a mixture of petroleum ether and 
acetone, after which it melted sharply at 64.2° and set solid at 
63.4-63.0°. On heating, the sample showed a transition at 56.0- 
56.5° and on cooling a very sharp transition at 55.0-54.8°. With 
Cr K, radiation a pressed specimen gave an x-ray spacing of 
39.20 + 0.20 A. with eight orders of reflection showing on the 
original photograph. Analysis gave C 85.24, 85.11; H 14.60, 
14.56. Nonacosane, CosHm, requires C, 85.19; H, 14.81; and 
hentriacontane, C;:;H«, requires C, 85.22; H, 14.78. 

Considering only the melting point and combustion results, one 
might conclude offhand that the cranberry hydrocarbon fraction 
consisted of slightly impure triacontane. However, the presence 
of this hydrocarbon in plants, although repeatedly reported in the 
literature, has been seriously questioned by Collison and Smedley- 
MacLean (8). In all the cases where triacontane has actually 
been reported it seems more than probable that it was either non- 
acosane or a mixture of hydrocarbons. It was pointed out by 
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Piper et al. (9) that if a hydrocarbon gives the correct melting and 
transition points its identity must be further confirmed by x-ray 
analysis. 

In view of the uncertainty relative to the presence of triacontane 
in plants, we consider our fraction a mixture of hydrocarbons and, 
from a comparison of our data with similar data reported by Piper 
et al. for pure synthetic hydrocarbons and their mixtures, it is 
concluded that the final hydrocarbon fraction obtained from cran- 
berry pomace probably consisted of a mixture of nonacosane and 
hentriacontane, the former predominating to the extent of 80 to 90 
per cent. 


Ether Extract 


The ether-soluble fraction consisted of a light cream-colored, 
high melting resinous powder, insoluble in water but partly 
soluble in hot aqueous alkali. A quantity (113 gm.) of the crude 
extract was digested several times for 3 hours with 1.5 liters of 
water containing 25 ml. of 40 per cent sodium hydroxide solution. 
The insoluble material was filtered off with suction, washed, and 
dried, whereupon there were obtained 70 gm. of an aqueous alkali- 
insoluble sodium salt. 

The aqueous filtrates contained in solution a considerable quan- 
tity of a second resinous acid in the form of its sodium salt. The 
free acid was precipitated by the addition of dilute hydrochloric 
acid, filtered off, washed, and dried. Repeated attempts to 
purify this acid or to obtain any of its derivatives in crystalline 
form were unsuccessful. 

Ursolic Acid, HO-C29H«-COOH—The crude water-insoluble 
sodium salt obtained as described above was dissolved in hot 95 
per cent alcohol containing a slight excess of sodium hydroxide. 
The solution was filtered from a small quantity of gummy sub- 
stances, and an equal volume of boiling water added to it. Upon 
evaporation of most of the alcohol a copious precipitate of white 
crystalline sodium salt occurred. After cooling, the precipitate 
was collected on a Buchner funnel and recrystallized several times 
by repetition of the process. There were thus obtained 48 gm. of 
nearly pure sodium ursolate. 

The sodium salt was dissolved in the smallest possible amount of 
hot 95 per cent alcohol and the free acid regenerated by the addi- 
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tion of 4 volumes of hot dilute hydrochloric acid. After cooling, 
the free acid was filtered off with the aid of suction, well washed 
with hot water, and dried. The recovered acid (38 gm.) was 
fractionally crystallized from 75 per cent alcohol, fractions melting 
below 275° being rejected. The remaining portions, amounting 
to 30.5 gm., were combined and crystallized from 95 per cent 
alcohol, giving 24 gm. of pure ursolic acid in the form of long 
slender white needles or blades. The substance melted sharply 
at 283-283.2° and, after drying for 6 hours at 140°, gave on analysis 
C, 79.18, 78.92; H, 10.69, 10.53. Ursolie acid, CyoHysO3, requires 
C, 78.88; H, 10.60. 

Methylursolate, HO-C29H y-COO(CH;)—5 gm. of ursolic acid were 
dissolved in absolute aleohol and boiled under a reflux condenser 
with an excess of both sodium ethoxide and methyl iodide. After 3 
hours, the alcohol was partially removed by evaporation and the 
solution poured into water to separate the methylester. After two 
erystallizations from 70 per cent alcohol and several crystalliza- 
tions from 50 per cent alcohol, a fairly pure derivative was obtained. 
Placed in the bath at room temperature, the substance melted 
indefinitely between 110-115°, resolidified, and finally melted at 
168.0-168.4°. After drying at 130° for 20 hours, the methyl 
ester gave on analysis C, 78.84, 78.89; H, 10.23, 10.62. Methyl- 
ursolate, Os, requires C, 79.08; H, 10.71. 

Acetylmethylursolate, gm. of 
the methyl ester were refluxed for 3 hours with 40 ce. of acetic 
anhydride and the solution was allowed to stand for 2 days, 
whereupon the acetylmethylursolate separated in the form of 
elongated plates. These were filtered from the acetic anhydride 
and recrystallized from absolute alcohol. The melting point was 
found to be 246°. After drying at-125°, analysis gave C, 77.19; 
H, 10.25. Acetylmethylursolate, C;;H;,0,, requires C, 77.28; 
H, 10.23. 


DISCUSSION 


The investigation reported above indicates that the wax-like 
coating of the cranberry is quite as unique chemically as the whole 
epidermis is anatomically. Anatomically the cranberry is unusual, 
having no stomata in the epicarp but many non-functional stomata 
in the endocarp, according to the observations of Winton (10) and 
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Bergman (11). The outer wall of the epidermis is reported by 
Stevens (12) to be comparatively thick, varying from 8.7 to 13.7 u. 
Despite the thickness of the epidermis, the absence of stomata, 
and the imperviousness of the waxy coating as evidenced by the 
extreme difficulty experienced in dehydrating the uncut fruit, the 
cranberry nevertheless respires at an appreciable rate, approxi- 
mately 5 mg. of carbon dioxide per kilo per hour at 10° (13). 

With these facts in mind, it is therefore interesting to note that 
the petroleum ether extract of cranberry pomace is approxi- 
mately 2 times, and the ether extract 3 times as large as that ob- 
tained from grape pomace extracted under the same conditions. 
The total extract amounts to more than 20 per cent for the cran- 
berry pomaceas compared to about 7.5 percent forthegrape. How- 
ever, it is not alone the amount but particularly the composition of 
the extract which commands attention. Previous work from this 
and other laboratories has established the fact that the petroleum 
ether extract of apple pomace and cuticle is composed principally 
of the higher hydrocarbons, primary and secondary alcohols, and 
that it contains only very small amounts of solid fatty acids. The 
cranberry extract, on the other hand, contains no recognizable 
alcohol other than a small amount of glycerol, apparently derived 
from a true fat, and only a small quantity of hydrocarbon, but 
large amounts of free fatty acids, principally oleic acid. The ether 
extracts of cranberry and apple pomace were found to be similar, 
both consisting of free ursolic acid and another unidentified resin 
acid. 

The large amount of free liquid fatty acids occurring in or on the 
cranberry cuticle no doubt partly explains the imperviousness to 
water and also the unusual stickiness observed in berries which 
have been frozen. 


SUMMARY 


Cranberry pomace obtained in the commercial canning of cran- 
berry sauce has been examined with respect to the constituents 
present in the petroleum ether and ether extracts. The petroleum 
ether extract was found to consist of the hydrocarbons, nonacosane, 
CH, and hentriacontane, C;:H«; free solid fatty acids of the 
series Cy, to Co; the liquid acids, linolenic, linoleic, and oleic, the 
last predominating; a small amount of glycerol probably originally 
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combined with acid in the form of a fat; and small amounts of 
unidentified solid and liquid substances. The ether extract 
(following extraction with petroleum ether) was found to consist 
of free ursolic acid together with an unidentified resin acid. 


ee 
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EFFECT OF INORGANIC SALT INTAKE UPON THE MIN- 
ERAL COMPOSITION OF THE BLOOD 
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Publications from this Station (1, 2) have reported the effect on 
animals of waters containing large amounts of salt and alkali. 
Tests have demonstrated that there is a maximum tolerance of 
salt concentration above which death results. Animals may die if 
suddenly changed from normal waters to waters containing some- 
what less salt than the maximum tolerance, but if gradually accus- 
tomed to these intermediate levels, they suffer no deleterious 
effects, as a general rule. The physiological readjustments taking 
place in the body to permit this increased intake of salts are 
problematic and present a question of major interest in many 
localities. 

It has always been believed that the concentrations of many of 
the inorganic ions such as sodium, potassium, calcium, magnesium, 
and chlorine are quite constant in the blood. However, changes 
taking place in the body thought to be due to high salt intake 
might be explained by increased osmotic pressure due to salt 
accumulation. No other satisfactory explanation having been 
offered asa solution to this perplexing problem, the present investi- 
gation was undertaken in order to determine whether or not the 
mineral content of the blood changes under abnormal conditions. 


EXPERIMENTAL 


A study of this nature requires very definite technique for 
determining the small amounts of the inorganic ions present in 
blood, which rapidly changes in composition when withdrawn from 
the circulatory system. It has, therefore, been necessary to draw 
the blood from the heart or jugular vein with a hypodermic needle 
655 
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and deliver it into a chilled container coated with the designated 
anticoagulant. As the calculation of the total ion content de- 
mands a knowledge of the ratio of cells and plasma, it was found 
necessary to standardize the method of procedure. As much as 10 
per cent variation in the cell volume occurred with the use of 
various anticoagulants and with differences in time and speed of 
centrifuging. ‘After many preliminary tests it was found that 
blood placed in hematocrit tubes, packed in ice, and centrifuged at 
2200 r.p.m. for 45 minutes gave a constant blood cell volume. 
The centrifuge tubes should be chilled in order to prevent hemo- 
lysis if plasma and cell content are to be analyzed separately. 

The plasma having been secured, the most careful microtech- 
nique was followed in making the analyses. The following meth- 
ods were used. For calcium, Roe and Kahn’s procedure (3) was 
followed in detail until the calcium was isolated as triphosphate 
precipitate, after which the calcium was estimated indirectly ac- 
cording to the Youngburg and Youngburg (4) phosphate method; 
for sodium, the method of Butler and Tuthill (5) was used; for 
magnesium, that of Briggs (6); for potassium, the procedure of 
Shohl and Bennett (7); for chlorine that of Van Slyke (8); for 
sulfates, the Cuthbertson and Tompsett method (9). 

Animals fed widely different rations at different seasons of the 
year and cared for in paired lots were studied. The same basic 
ration was used for controls and test animals, the salt being ad- 
ministered in the drinking waters. 

Much of the work was conducted with rats fed the regular 
colony ration, as it is possible to keep them under more carefully 
controlled conditions. Their blood was secured by heart puncture 
in the laboratory and centrifuged at once. 

The chickens were kept in small graveled enclosures and fed the 
regular laying mash. The test and control animals received the 
same treatment except for the salt content of the drinking waters. 
Blood was obtained by heart puncture. 

Hogs, cattle, and sheep were kept on paved yards under similar 
conditions and were bled from the jugular or ear vein. Control 
and test animals were under observation at the same time and 
under the same conditions. 

Many times the results from the same group of animals varied 
from one season to another or even from week to week. For this 
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reason, the data recorded in Tables I to VII were obtained from 
averages of paired bleedings, the figures being in terms of mg. per 
100 ml. of whole blood, serum, plasma, or cells, as noted. 

In all cases the blood samples used in the above analyses were 
drawn from rats which had been drinking the indicated solutions 
for many weeks; consequently, the minerals should have reached 


TABLE | 
Analyses for Common Inorganic Ions in Blood of Rats Consuming Salt Water 
of Various Concentrations (Mg. per 100 M1.) 


Serum Magnesium Chlorine 
Salt concentration 

Sodium} Cal- | Potas-| serum | Cells | Serum | Cells 
Distilled water............| 332 | 10.3] 50 3.3 | 6.7 | 340 | 238 
1.5 per cent NaCl......... .| 339 | 9.8] 60 351 | 243 
10.2 | 57 3.8 | 6.8 | 337 | 234 

Saturated CaSO,..........| 332 | 9.8] 54 
nad Ca(OH)s........ 9.9 330 | 223 
1.5 per cent CaCl:......... 10.0 | 46 342 | 239 

Taste II 


Analyses for Common Inorganic Ions in Blood of Chickens Consuming Salt 
Water of Various Concentrations (Mg. per 100 M1.) 


Serum Chlorine 
Salt concentration Remarks 
Sodium bd Serum | Cells 
Distilled water...............| 355 | 18.6 | 375 | 270 | Normal 
1.5 per cent NaCl............. 386 392 | 284 | No production 
408 443 | 280 | Near death 
18.9 | 384 | 278 | Emaciated 


an equilibrium. It will be observed that there were no great 
changes even when the quantity of salt had reached the upper 
limit of safety and when the animals were in bad condition. It 
will be noted that the chlorine and sodium content of both the 
serum and cells increased in the rats consuming 1.5 per cent sodium 
chloride solution. It should be further stated, however, that these 
animals were in a critical condition; they had lost weight and were 


658 Salt Effect upon Blood Composition 


greatly emaciated. With these exceptions all analyses may be 
considered normal even though the animals were not able to make 
normal gains in weight and reproduction was not normal. 

Table II records the results found with chickens drinking dis- 
tilled water, 1.5 and 2.0 per cent sodium chloride, and 1.5 per cent 
calcium chloride solutions. Again marked changes occurred only 
in the animals consuming the 2.0 per cent sodium chloride solution, 
and in these cases only after they neared the point of death, analy- 


Taste III 


Analyses for Common Inorganic Ions in Blood of Dairy Cattle Consuming Salt 
Water of Various Concentrations (Mg. per 100 M1.) 


Serum Chlorine 
Salt concentration 7 
Sodium | Calcium blood Serum Cells 
Tap water... ee a 10 300 341 227 
2 per cent NaCl. re re 384 9.5 345 396 258 
CaCl.. 9.6 315 370 241 
Taste IV 


Analyses for Common Inorganic Ions in Blood of Sheep Consuming Salt Water 
of Various Concentrations (Mg. per 100 ML.) 


Nain 
Salt concentration pon Remarks 
| Serum Cells 
Tap water... seceeeceeeees| 848 | 302 | 380 | 233 | Normal 
2.0 per cent NaCl. AS eS 375 | 354 | 422 | 286 | Near death 


ses during the early period of the experiment being only slightly 
higher than those for normals. 

The calcium content of the blood of hens cannot be considered, 
as it fluctuates from 10 to 25 mg. per 100 ml. of serum, depending 
upon the stage of egg production. This undoubtedly accounts 
for the high figure in the case of the normals, while in the case of 
those drinking the calcium chloride solution it undoubtedly was 
due to the calcium intake, the hens being in bad condition and 
none having laid throughout the test period. 

The cattle used were dairy stock in production. All had been 
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drinking the indicated solutions for at least 10 weeks. The blood 
was drawn from the jugular vein in every case. The cow drink- 
ing the 2.0 per cent sodium chloride solution had lost over 200 
pounds in weight; it was drinking little and food consumption 
had decreased. Out of the many cases studied this was the only 
one in which any marked changes in mineral composition were 
observed. The results of the analyses are recorded in Table III. 

A similar history obtained for the sheep used in the experiments. 
The particular animals reported as drinking 2.0 per cent sodium 
chloride, and which were bled in this abnormal condition, died soon 
after the last sample was obtained. Table IV presents only the 


TABLE V 


Analyses for Common Inorganic Ions in Blood of Hogs Consuming Salt Water 
of Various Concentrations (Mg. per 100 Ml.) 


Serum Chlorine 
Salt concentration 3 Remarks 
Halal 
Winter Tap water 334 | 10.2} 271 | 313 | 206 | Normal 
1.5 per cent NaCl | 387 | 10.0} 327 | 387 | 258 | Movement 
difficult 
Summer | Tap water 368 264 | 312 | 192 | Normal 
1.5 per cent NaCl | 415 343 | 410 | 262 | Stiff 


averages of the normal and the extreme cases. Other results were 
never much greater than those for the normals. 

The hogs used were half-grown. Two series of analyses were 
made, the first being run in the heat of summer and the second in 
extremely cold winter weather. The blood was procured from ear 
veins. The animals given sodium chloride became very stiff, and 
difficulty in standing was observed at the time the blood was 
drawn. One animal from the group died while the tests were in 
progress. Table V records analyses of blood of hogs consuming 
normal water and water of high mineral content, both in winter 
and summer. 

Inorganic Sulfur in Blood—As many of the waters used con- 
tained large quantities of calcium sulfate and magnesium in solu- 
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tion, separate studies were made of the sulfur content of the serum 
and cells. The method of Cuthbertson and Tompsett (9) is 
sufficiently accurate to measure the small changes which occur. 
The data so obtained and recorded in Table VI indicate that sul- 
fates are much more changeable than the other ions studied and 


Taste VI 


Inorganic Sulfur in Blood of Rats and Chickens Consuming Salt Water of 
Various Concentrations (Mg. S per 100 Ml.) 


Rats Chickens 
Salt concentration 
Serum Cells Serum Whole blood 
3.95 0.89 3.26 2.60 
1.5 per cent MgSQ,............ 5.75 1.02 5.91 4.48 
Saturated CaSQ,.............. 6.20 2.99 4.05 3.52 
VII 


- Effect of Lowering of Freezing Points of Blood of Rats and Chickens Con- 
suming Salt Water of Various Concentrations 


Chicken serum Distilled water —1.66 
Normal chick serum —2.36 —0.70 
1.5 per cent MgSO, —2.39 —0.73 
15“ CaCl, —2.40 —0.74 
* “  Na,_HPO, —2.38 —0.72 
Rat serum Normal rat serum —2.28 —0.62 
1.5 per cent NaCl —2.35 —0.66 
15 “ ““ CaSO, —2.39 —0.70 
* —2.36 —0.67 
Saturated Ca(OH), —2.35 —0.66 
1.5 per cent CaCl, —2.33 —0.64 


that there are very noticeable increases in the sulfate content of 
the blood of animals consuming the more concentrated solutions. 

Lowering of Freezing Points of Serum—One of the most accurate 
methods of determining the amount of dissolved solids in a 
solution is lowering the freezing point. In order to ascertain 
whether any noticeable changes occurred, Johlin’s micromethod 
(10) was applied to serum from rats and chickens consuming 
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various salt solutions. The results are of interest in demonstrat- 
ing, as with the mineral analyses, that there are very small changes 
even in the blood of animals drinking the more saline solutions. 
That there are changes, however, cannot be doubted, as the differ- 
ences, while small, have always been somewhat greater than those 
for normal animals in hundreds of determinations. The results 
are recorded in Table VII. 


SUMMARY 


1. Mineral analyses of serum and cells of animals drinking saline 
solutions have been made. 

2. There are only small changes in the sodium, potassium, 
calcium, magnesium, and chloride content of either plasma or 
cells under all conditions approaching normal. The sulfate content 
appears to be more easily altered. 

3. When greater concentrations are consumed there is always 
some increase in the inorganic content of the blood, but marked 
changes take place only as death approaches, in all probability 
the change in the blood condition being responsible for the death. 

4. Measurements of the lowering of the freezing point of serum 
from these animals demonstrate that some increase in the salt 
content of the blood is always found in animals consuming saline 
waters. The change, while small, is significant and increases with 
the quantity of salt consumed. 
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THE BASIC AMINO ACIDS OF THREE CRYSTALLINE 
MAMMALIAN HEMOGLOBINS 


FURTHER EVIDENCE FOR A BASIC AMINO ACID “ANLAGE” OF 
TISSUE PROTEINS 


By RICHARD J. BLOCK* 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, April 23, 1934) 


Our investigations (1-4) on the basic amino acids yielded by 
hydrolysis of tissue proteins, orosins and keratins, or such decom- 
position products as serum albumin and serum globulin, have led 
us to suggest that the protoplasm of a specific organism, tissue, 
cell mass, or certain derivatives thereof, is composed of a labile 
nitrogenous chemical aggregate, tissue protein, which yields argi- 
nine, histidine, and lysine in molecular ratios that are approxi- 
mately fixed and are characteristic for that organism or tissue as it 
exists in various classes of animals. ‘Our view . . . stresses the 
primary importance of the basic amino acids in the genetic and 
embryological development of the tissue protein’’ (5). 

The analyses of horse, sheep, and dog hemoglobins to be de- 
scribed in this paper were undertaken for the purpose of further 
testing the hypothesis stated above. The cystine content of these 
three crystalline proteins has been carefully investigated by 
Vickery and White (6). They say, ‘The differences in the yields 
of cystine from these 3 hemoglobins are particularly striking and 
suggest that the yields of other amino acids from hemoglobins of 
different origin may likewise vary widely.’”’ Roche and Dubouloz 
(7) studied the ultra-violet absorption of six mammalian hemo- 
globins and reported that not only are the globins of different 
animals different but there are slight variations in the chemical 
composition among individuals of the same species. Also the 
refraction of light from three kinds of hemoglobin is different (8). 
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Lang (9) and Schenck (10) claim on the basis of unconvincing 
experiments that the amino acid composition of hemoglobin varies 
in health and disease. Brinkman et al. (11) believe that there are 
two kinds of hemoglobin in normal hemolyzed blood. Some of 
these data can be summarized to indicate that the cystine, and the 
sum of the tyrosine, tryptophane, and phenylalanine contents of 
various mammalian hemoglobins are not constant. 


EXPERIMENTAL 


The twice recrystallized horse and sheep hemoglobins were given 
to me by Dr. Vickery and Dr. White to whom I am most grateful. 


TABLE [ 
Some Structural Units of Mammalian Hemoglobins 


Horse Sheep Dog 
Amount of protein analyzed 

Nitrogen, per cent........... 16.70 16.83 16.40 
Sulfur, 0.39 0.73 0.57 
Iron, 0.33 0.32 0.33 
Cystine, “ “ (6)........ 0.4 0.6 1.2 
3.2 (3.3)* 3.5 3.3 
Histidine, “ ...........] 7.5 (7.6)* (8.9)t| 7.5 (8.8)t 7.4 
Lysine, “ “ 8.1 (8.1)* 7.7 8.1 
Molecular ratio, iron-sulfur- 

cystine. . 25:50:7 25:100:14 | 25:75:21 
Molecular tatio, iron-argi- 

nine-histidine-lysine...... 1:3:8:9 1:3:8:9 1:3:8:9 


* Vickery and Leavenworth (13). 
t Hanke and Koessler (14). 


The dog hemoglobin was prepared, according to Dr. White’s ditec- 
tions, from citrated blood. 

The analyses for arginine and lysine were carried out by the 
usual procedure (4). The histidine was estimated by the method 
of Kapeller-Adler (12) which was applied to the histidine fraction 
after precipitation with silver at pH 7.4 and mercury in 5 per cent 
(by weight) of sulfuric acid. Although this colorimetric method 
gives more accurate estimation of histidine than the isolation of 
the diflavianate from 1 to 2 gm. of protein, nevertheless the values 
reported in Table I are only approximate. 
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DISCUSSION 


These data show the importance of the basic amino acids in the 
structure of proteins (Table I). They lend further weight to our 
hypothesis that tissue proteins are built upon or around an “anlage”’ 
of relatively fixed proportions of arginine, histidine, and lysine. 
Although the crystalline hemoglobins obtained from horse, sheep, 
and dog blood yielded approximately a constant molecular ratio 
of iron and the basic amino acids, their sulfur content varied 100 
per cent and the cystine varied 300 per cent. Attention is also 
called to the molecular ratios of iron-sulfur-cystine which are 
given in Table I. This constancy in the proportions of the basic 
amino acids and the variability in the cystine yielded by hydrolysis 
of these proteins agrees with our previous investigations on kera- 
tins (3). “A keratin is a protein ... which, on acid hydrolysis, 
yields such quantities of histidine, lysine, and arginine that the 
molecular ratios of these amino acids are respectively approxi- 
mately as 1:4:12.”” The data also showed that the proportion of 
cystine yielded by the different tissues varied between wide limits. 


SUMMARY 


Horse, sheep, and dog hemoglobins yield iron, arginine, histidine, 
and lysine in the molecular proportions of approximately 1:3:8:9, 
while the molecular proportions of iron, sulfur, and cystine were 
25:50:7, 25:100:14, and 25:75:21 respectively. 

Thus the molecular ratio of the basic amino acids obtained from 
three crystalline mammalian hemoglobins is approximately con- 
stant. The yield of cystine, on the other hand, varies over 300 
per cent among these proteins, while, as is well known, the iron 
content is quite constant. , 

These results support our previous statements concerning the 
primary importance of the basic amino acids in the genetic and 
embryological development of tissue proteins. 
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THE EFFECT OF DRY HEAT AND DILUTE ALKALI ON 
THE LYSINE CONTENT OF CASEIN 


By RICHARD J. BLOCK,* D. BREESE JONES, anp CHARLES E. F. 
GERSDORFF 


(From the Department of Physiological Chemistry, Yale University, New 
Haven, and the Protein and Nutrition Division, Bureau of Chemistry 
and Soils, United States Department of Agriculture, Washington) 


(Received for publication, April 23, 1934) 


Jones and Gersdorff (1) have found that if casein is treated with 
dilute alkali the cystine yielded by acid hydrolysis of a highly 
purified sample of this protein can be decreased from its original 
content of 0.34 per cent to 0.033 per cent. The arginine, histidine, 
tryptophane, and tyrosine yields of the treated and untreated 
casein remain unaffected by the alkali. However. the yield of 
lysine as determined by the Van Slyke method was 5.18 per cent 
in the untreated casein and 8.54 per cent in the alkali-treated 
material. But these investigators state: ‘It is believed, however, 
that not much significance should be given to this difference. 
The estimation of lysine by the Van Slyke method is indirect, and 
the higher figure for lysine in the alkali-treated protein may include 
other forms of nitrogen resulting from the effect of the alkali upon 
the casein.”’ 

The experiments of Greaves and Morgan (2) indicate that the 
deterioration in the nutritive value of heated casein can be com- 
pensated for by the addition of lysine to the experimental diet. 
This observation might be explained in several ways: either the 
heating destroys some of the lysine, or the protein is so changed 
(denatured) that a part of the lysine can no longer be effectively 
used by the animal for its nutritional requirements. 

In the light of these findings, it was decided to redetermine the 
proportion of lysine yielded by acid hydrolysis of three casein 
preparations. The preparation of the first two samples, untreated 
and alkali-treated casein, has been described (1). The third 


* Standard Brands, Inc., Fellow, 1932-34. 
667 


668 Lysine Content of Casein 


product, heated casein, was obtained by heating a sample of the 
dry untreated casein for 65 minutes at 150°. All three products 
were analyzed for lysine both by the Van Slyke nitrogen distribu- 
tion method (1) and by the modified Kossel-Kutscher isolation 
procedure (3). The analytical results are summarized in Table I. 

We may conclude from these data that the proportion of lysine 
yielded by acid hydrolysis of casein is not materially affected by 
treatment with dilute sodium hydroxide or by dry heat at 150°. 
When casein is dissolved in weak alkali, the lysine “rest’’! is not 
altered but some nitrogenous substance is produced which is 
determined as lysine according to the Van Slyke nitrogen distribu- 
tion method. Furthermore, when casein is heated at 150°, it is 


TaBLe I 
Lysine Content of Casein 
Protein Nitrogen Lysine 
per cent gm. per cent 

Untreated casein. . 1.60 6.5 Isolation 
Alkali-treated casein. . 1.58 6.6 
Heated casein. . 2.15] 6.6 
Untreated casein n (1)... eee 3.00 5.2 Van Slyke 
Alkali-treated casein n 16.85 3.00 8.5 
Heated casein. 3.00 5.9 


not unlikely that a molecular rearrangement is brought about so 
that a part of the lysine precursors (rests) become resistant to 
enzymatic degradation (5). This resistance to enzymatic hydroly- 
sis would explain in part the lowered nutritive value of the heated 
protein. 
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DIRECTIVE INFLUENCES IN BIOLOGICAL SYSTEMS 


IV. A FURTHER STUDY OF LIPASE ACTIONS OF TYPE I 
PNEUMOCOCCI 


By GRACE McGUIRE anp K. GEORGE FALK 


(From the Department of Preventive Medicine, University and Bellevue 
Hospital Medical College, New York University, New York) 


(Received for publication, April 7, 1934) 


The effect of the environment (as represented by different 
broths) upon the ester-hydrolyzing actions of Types I and II 
pneumococci grown in them was reported previously (1). In 
this paper, the lipase or ester-hydrolyzing actions of killed Type I 
pneumococci and their products of growth in beef heart broth 
with and without added horse serum are reported. The actions 
were determined on each of four esters with 15 cc. portions of suit- 
ably diluted materials of the mixtures as well as of the separate con- 
stituents, brought to pH 7.0 (colorimetrically) initially. Toluene 
was added, 3.4 milli-equivalents of the esters were then added, and 
the mixtures incubated for 22 hours at 37°. The ester-hydrolyzing 
actions were measured by titration with 0.1 N sodium hydroxide 
solution with phenolphthalein as indicator. Duplicate determina- 
tions and the customary blanks were run in every case. The 
results are given in Table I for (a) a 21 hour broth culture of the 
pneumococci Type I, (b) the pneumococci separated from the 
broth by means of a Sharples supercentrifuge and suspended in f 
saline, (c) the pneumococci saline suspension mixed with dilute 
normal horse serurn, (d) pneumococcus Type I horse antiserum, 
and (e) refined antipneumococcus preparation made from anti- 
pnheumococcus horse serum. They include the actions (1) of the 
mixtures, (2) of the separate constituents, and (3) of their sums 
(calculated) in comparison with the experimentally determined 
(found) values. 

The results given in Table I may be summarized as follows: 
Refined pneumococcus antibacterial preparations (by salt precipi- 
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tation, etc.) (G, G’) showed little or no lipase actions at the same or 
greater concentrations than those of the immunologically active 
substances as they occur in the unrefined serum. The (unrefined) 


TaBLeE | 
Ester-Hydrolyzing Actions in Terms of Tenths of Milli-Equivalents of Acid 
Produced by Pneumococcus Type I Broth Culture in Presence and Absence 
of Dilute Normal and Immune Horse Serum in Comparison with the 
Sums of the Ester-Hydrolyzing Actions of Individual Constituents 


Materials Used 


A. Beef heart broth, 16 cc. 

B. Pneumococci Type I separated by Sharples supercentrifuge from 21 
hour broth culture, washed with saline, and suspended in saline of the 
original broth volume, 16 cc. 

C. Broth culture of Type I pneumococcus, 21 hours growth, 16 ce. 

D. Broth after removal of pneumococci, 16 ec. 

E. Normal horse serum, 2 cc. 

E’. Normal horse serum, 1 cc. 

F. Type I pneumococcus antiserum, 2 cc. 

G. Refined Types I and II antiserum dried (2). Supernatant solution of 
5.6 gm. in 50 ce. water, 2 ce. 

G’. Same as G, 1 ce. 

The indicated volumes of materials, separately or mixed, were made up 
to final volumes of 160 cc. with water. 15 ec. portions were used for the 
ester-hydrolyzing tests. 


Actions of controls 


B 


PhOAc...............] 0.41] 0.00 1. 
MeOCOPr............] 0. 0.00} 0.36) 0. 1. 
PhCH,OAc...........| 0. 0.00} 0.00) 0. 0. 


Beef heart broth plus normal 


A+E' 


3 

5 


34)1. 

481.36 
MeOCOPr...........| 3. 94/0. 84 
PhCH;OAc............ ‘990.61 


A Cc D E E’ F G 
87| 1.10] 1.37| 0.02} 0.05 
80] 1.10} 1.02] 0.04] 0.02 
40| 0.70] 0.85] 0.02} 0.00 
85| 0.49] 0.42] 0.00] 0.00 
antiserums 
mum | 4+F | A+G | 
| 
2.64|1.78] 0.340. 43] 0.20]0.46 
2.96|1.28| 0.32)0.30] 0.23/0.28 
2.57|0.99] 0.07|0.16] 0.06|0.14 
1.43]0.54| 0.02/0.12} 0.00|0. 12 
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TaBLe I—Concluded 


Separated pneumococci plus normal and antiserums 


C+G 


Calcu- 
lated 


antiserum (F’) for which results are given showed 50 to 70 per cent 
of the actions of the normal serum (£). The differences between 
E and F may not be significant since normal horse serums vary 
as much among themselves. The broth culture of pneumococcus 
(C) as well as its separated constituents (B, D) alone gave slight 
or no actions, while the actions of the beef heart broth (A) alone 
also were slight. The actions of the mixtures of these constituents 
did not equal the sums of the actions of the separated constituents. 
The actions of the beef heart (A) plus normal (Z, E’) and anti- 
serum (F’) mixtures were 50 to 150 per cent greater than the sums 
of the separate actions. This relation was true as well for the 
normal (£) and antiserums (F) mixed with pneumococcus broth 
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B+E B+F B+G 

Found | [aleu- | Found | | Found | aleu- | 
PhOAc...............] 1.53 | 1.87 | 0.92 | 1.37 | 0.00 | 0.02. | 
1.80 0.82 1.02 0.02 0.04 
MeOCOPr............| 1.19 | 1.40 | 0.65 | 0.85 | 0.00 | 0.02 i 
PhCH-OAc...........| 0.77 0.85 0.33 0.42 0.00 0.00 i 

Pneumococcus broth culture plus normal and antiserums 

C+E C+F 

Found Found Found | 
PhOAc...............| 3.20 | 2.01 | 2.83 | 1.51 | 0.30 | 0.16 ' 
Gi(OAe)s.............] 3.70 1.97 2.89 1.19 0.26 0.21 
MeOCOPr............] 2.59 1.76 2.61 1.21 0.35 0.38 i 
PhCH;OAc...........| 1.62 0.85 1.34 0.42 0.10 0.00 ! 

Separated broth plus normal and antiserums i 
D+E D+F D+G 

Found Found Found 

2.05 2.68 1.55 0.24 0.20 
GI(OAc)s.............| 3.25 1.96 3.12 1.18 0.23 0.20 i 
MeOCOPr...........] 2.71 1.59 2.52 1.04 0.13 0.21 
PhCH.OAc...........| 1.53 0.98 1.46 0.55 0.02 0.13 i 
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culture (C) and also for the broth (D) after the pneumococci had 
been grown and removed. On the other hand, the actions of the 
mixtures of separated pneumococci (B) and normal (£) and anti- 
serums (F’) were less than the sums of the actions of the separate 
constituents. This was found true (a) for the amount of culture 
separated from the given quantity of broth culture and used in the 
amount corresponding to this volume, and (b) for 10 times this 
amount. Practically the same values were obtained for these two 
sets of determinations, only the first of which is shown in Table I. 
That these results were not a function of the quantity of protein 
present in the serum was shown by the results obtained with the 
refined antibacterial preparation (G,G’). This gave slight lipase 
actions in itself and no changes of significance when added to the 
various pneumococcus materials. 


DISCUSSION 


The results presented in the preceding section represent one 
series of determinations. A second series with different materials 
gave essentially the same results, so that they will not be presented 
here, although some of the absolute values were different. The 
experimental results will not be discussed in detail in this section, 
but some conclusions derivable from them will be indicated. The 
first point to be made is that the pseudoglobulin fraction of the 
antiserum (7.e. the refined pneumococcus antibacterial prepara- 
tion) upon being separated and redissolved had practically no 
lipase action. Whether or not the treatment (precipitation, etc.) 
to which this protein material was subjected caused this inactiva- 
tion, it is clear that the antibacterial substance specifically of 
pneumococcus Type I was not the same as the lipolytic enzyme 
substance. 

This raises another question. The work here has been limited to 
certain lipase actions. There is no reason to assume that other 
enzyme actions would give the same relations or that other biologi- 
cal actions would parallel them. On the other hand, these lipase 
actions represent a chemical property of the materials. This 
chemical property (lipase actions) is related to certain biological 
properties, or to properties involved in life processes. These 
enzyme actions are part of the biologically active material. Other 
enzyme actions may play different réles in the biological behavior. 
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The point to be emphasized is that these lipase actions are a symp- 
tom, so to speak, of the biological material. They are only one 
phase and taken alone cannot, of course, represent a complete 
picture of the phenomena in question. They may, however, give 
some information and lead to more definite studies. It is with this 
view in mind and with the knowledge of the limitations inherent 
in the study, that these experiments and discussion are presented. 

The lipase actions of normal and antipneumococcus serums were 
increased by the addition of beef broth, broth culture of pneumo- 
cocci, and broth after growth and removal of pneumococci. The 
lipase actions of normal and antipneumococcus serums were 
decreased by added pneumococci. The increases caused by the 
added beef broth of these sensitive enzyme actions of serums are not 
surprising in view of similar results presented in former papers (3). 
More surprising is the fact of decreased actions by added pneumo- 
cocci (after removal of broth). The pneumococci were not viable, 
all the enzyme tests being carried out in the presence of toluene. 
No explanation of these results is available. The products of 
pneumococcus growth evidently were not involved in the de- 
creases. If some hypothetical considerations are permissible, it 
may be said that the serums contain biologically active materials 
which were evidenced chemically by certain enzyme actions. 
These enzyme actions were diminished by pneumococci; in other 
words, the biological activity was decreased. Might it be possible 
that such influences, as evidenced by decreased biological activity, 
are involved in the harmful actions exerted by pneumococci in the 
blood and other fluids of infected animals? These considerations 
may appear to be far-fetched. The problem of the action of 
bacteria and other invaders of the animal body is difficult to attack 
chemically, but the present results, both experimental and theoret- 
ical (and perhaps hypothetical), may possibly indicate and lead 
to some helpful methods of study. 


SUMMARY 


The hydrolyzing actions on four esters of pneumococci were 
determined in the presence and absence of normal and immune 
horse serums. It was shown that in all probability the anti- 
bacterial material and the enzyme substance studied were not the 
same. The serums-broth culture enzyme actions were greater 
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than the sums of the separate actions, but the serums-pneumo- 
cocci actions were less. Possible physiological applications of 
these last results were indicated. 
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A NOTE ON THE GRAVIMETRIC DETERMINATION OF 
TOTAL BASE OF SERUM AND BLOOD 


A CoRRECTION 


By PAULINE M. HALD 
(From the Department of Internal Medicine of Yale University, New Haven) 
(Received for publication, April 27, 1934) 

Continued investigation of the gravimetric method recently 
proposed (1) for the determination of the total base of serum and 
whole blood as benzidine sulfate has revealed that the precipitate 
secured by the procedure which was described is not, as had been 
supposed, benzidine sulfate with a molecule of water. Under the 
conditions prescribed for the precipitation it appears that a con- 
stant amount of benzidine hydrochloride is occluded or adsorbed 
by the benzidine sulfate and cannot be removed by washing. So 
constant is the proportion of occluded material that the method 
had been in use for several months in its application to analyses 
of foods and excreta containing larger and more variable quantities 
of base before the error was discovered. 

In investigations of the precipitation reaction it was found that 
from the same sulfate solution precipitates of increasing weights 
result when the amount of benzidine hydrochloride reagent used 
for the precipitation is increased beyond a certain maximum. On 
the other hand, as long as there is a sufficient excess of benzidine 
hydrochloride to insure complete precipitation of the sulfate, the 
latter may be varied as much as 200 per cent without altering the 
nature of the precipitate. The results of these experiments are 
epitomized in Table I. 

From analysis (see Table II) by the Kjeldahl method it was 
found that all precipitates contained amounts of nitrogen which 
should be expected if the precipitates were composed entirely of 
benzidine salts. To establish the fact that the benzidine in excess 
of that combined with sulfate was benzidine hydrochloride, pre- 
cipitates were analyzed for chloride. For this purpose it was 
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necessary to use precipitates from more than 3 ce. of solution. 
The results, in Table III, indicate that the occluded salt is benzi- 


TaBLe 
Effect of Varying Amounts of Benzidine Reagent on Weight of Resulting 
Sulfate Precipitate 


on Benzidine sulfate 
No.of | Teagont, | Sulfate taken as Nas$O, or “from weight of ppt 
tions lee, = K.S80,4 
0.175 m.-eq. If equivalent | If equivalent 
weight = 150 | weight = 141 
ce. ce. m.-eq. per cent per cent 
13 1 1-10 0.028 -0.141 | 92.3- 94.2] 98.4-101.4 
1 1.5 8 0.1128 96.3 102.1 
7 2 1-10 0.0705-0.282 | 95.0— 97.3 | 101.2-103.5 
2 3 5-10 0.063 -0.1248 | 98.0- 98.3 | 104.0-104.3 
2 4 1-5 0.063 -0.141 | 98.7-100.5 | 103.5-106.7 


These results indicate that the increased amounts of precipitate are 
dependent on the amount of benzidine reagent used and are independent of 
the volume or concentration of the sulfate solution. 


TaBLe II 
Analysis of Benzidine Sulfate Precipitate for Nitrogen 

nydrochloride| | som weight of ppt. calculated | recovered frou nitrogen 

used | taken as ous ine sulfate determination 
ce, m.-eq. m.-eq. per cent m.~eq. per cent 
1 0.0564 0.0572 101.2 0.0582 103.0 
0.0564 0.0556 98.7 0.0542 97.5 
0.1128 0.1137 100.8 0.1132 99.5 
0.1440 0.1444 100.2 0.1448 100.4 
5 0.7050 0.7060 100.1 0.6970 98.8 
10 0.7050 0.7430 105.3 0.7520 106.5 
15 0.7050 0.7670 108.7 0.7580 107.3 
0.7050 0.7620 108.0 0.7580 107.4 
0.7050 0.7630 108.2 0.7520 106.6 


The amounts of benzidine sulfate calculated from the weight of the 
precipitate are in agreement with those estimated from nitrogen analysis. 
This is conclusive evidence that the excess weight obtained is due not to 
water but to a benzidine salt which is presumably the hydrochloride. 


dine hydrochloride. Occlusion of benzidine hydrochloride by 
benzidine sulfate precipitates has been recognized before. 
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From this study it appears that the gravimetric method for the 
determination of sulfate as benzidine sulfate is feasible and that a 
precipitate of pure benzidine sulfate can be consistently secured, 

- provided the precipitation is conducted under certain definite 
conditions. The quantity of benzidine hydrochloride used must 
be small enough so that the amount of benzidine hydrochloride 
occluded by the precipitate is negligible in comparison with the 
weight of the sulfate. In order, however, that precipitation may 


Taste III 
Analysis for Chloride of Benzidine Sulfate Precipitate from a Solution 
Containing 0.564 Milli-Equivalents of 


~~ recovered ~ bese Chloride recovered 
ee. m.~eq. per cent per cent 
4 ” 0.568 +1 2 
0.552 —2 1 
0.573 +2 3 | 
5 0.569 +1 3 | 
0.565 0 2 
0.589 +4 3 
0.591 +5 2 
10 0.585 +4 4 
0.582 +3 5 
0.595 +5 3 
15 0.618 +10 6 


These precipitates were transferred to porcelain evaporating dishes and 
were ashed by intimately mixing with dry sodium carbonate and heating to 
700° in a muffle furnace overnight. This resulted in a white ash which was 
extracted with dilute nitric acid. The small amount of chloride was then 
determined by the author’s micromodification of the open Carius method 
described by Peters and Van Slyke (2). 


be complete, and the solubility of benzidine sulfate minimized, the 
quantity of reagent must exceed by at least 20 per cent the amount 
of sulfate to be precipitated. Therefore, for a given amount of 
benzidine hydrochloride there is a limit to the quantity of sulfate 
which can be precipitated. Below this, both the quantity of 
sulfate and the volume of solution in which it is dissolved may be 
varied over wide limits without loss of accuracy. The sulfate 
solution must be added slowly, preferably from a pipette, to pre- 
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vent the sudden formation of a fine precipitate which will pass 
through the filter. 

The actual procedure prescribed for the determination of the 
base of serum and whole blood is but little altered. The amount 
of benzidine reagent must be reduced from 2 cc. to 1 cc. and the 
quantity of sulfate in the solution to be analyzed must not exceed 
0.14 milli-equivalent in a volume of 1 to 10 ce. The calculation 
factor must be reduced from 150 to 141 to correspond to the molec- 
ular weight of pure benzidine sulfate; viz., 1000 xX weight of 
precipitate/141 = milli-equivalents of base per liter. The appli- 
cation of this method to the determination of amounts of sulfate 
other than those described is under investigation. 
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SOME ENZYMES OF SOLANUM INDICUM* 


By HENRY TAUBER anp ISRAEL S. KLEINER 


(From the Department of Physiology and Physiological Chemistry of the 
New York Homeopathic Medical College and Flower Hospital, 
New York) 


(Received for publication, March 10, 1934) 


We have recently had the opportunity of studying certain sol- 
anaceous fruits which grow wild in Siam (1). The plants consist 
of two forms, Solanum indicum and Solanum sanitwongsei, which 
are almost identical. We have, however, been fortunate in ob- 
taining a pure form, the Solanum indicum, for enzyme study. 
This fruit is orange in color and resembles in shape a miniature 
tomato. We have found that it contains several carbohydrases 
and a tryptic enzyme. The carbohydrases include a maltase, a 
saccharase, and a melibiase. 


EXPERIMENTAL 


Preparation of Enzyme Material—The ripe fruits were dried in 
air in Porto Rico and shipped to New York. The stems were re- 
moved and the dried fruit ground to a fine powder. 250 gm. of 
the powder were extracted with three portions of 500 ec. of ether 
at room temperature to remove fatty material. The fat-free 
powder was dried at room temperature and extracted with 1000 
ec. of 33 per cent ethyl alcohol by gentle shaking for 10 minutes. 
To the clear filtrate an excess of 95 per cent alcohol was added, 
after which a flocculent precipitate formed; this precipitate was 
centrifuged off and dissolved in 20 ce. of distilled water, and again 
precipitated with alcohol. This procedure was repeated twice 


* Read before the American Society of Biological Chemists at New 
York, March, 1934. 

1 This was grown especially for us by Dr. T. B. McClelland of the Porto 
Rico Agricultural Experiment Station, Mayaguez, Porto Rico, and shipped 
at frequent intervals. We are very grateful to Dr. McClelland for this 


cooperation. 
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more. The residue was then dried over CaCl, in a vacuum at 20°. 
The yield was about 1 gm. 


Experiments on Carbohydrases 

Preparation of Digests and Determination of Hydrolysis—To 2 
cc. of the 1 per cent aqueous solution of the enzyme preparation, 1 
ec. of 0.1 N acetate buffer (see Table I) and 1 cc. of the substrate 
were added. The maltose solution was 1.42 per cent, the sucrose 
solution 4 per cent, the melibiose solution 1.42 per cent, and the 
raffinose solution 5.94 per cent. The following two digests were 
prepared in exactly the manner (Normalbedingungen) suggested by 


TABLE | 
Optimum pH of Maltose, Melibiose, Saccharose, and Raffinose Hydrolysis 


Hydrolysis in 18 hrs. Hydrolysis in 24 hrs. 
pH 


Maltose Melibiose Raffinose 


per cent per cent per cent 
48 


60 


2.0 
2.5 
3.0 
3.5 
4.5 
5.5 
6.0 
6.5 
7.0 


Weidenhagen (2), who has recently introduced a-phenylglucoside 
as a substrate. This glucoside, he maintains, is more easily hy- 
drolyzed by the glucosidases. (1) To 134 mg. of a-methylgluco- 
side in 3 ce. of H,O, 1 ec. of 0.1 N acetate buffer and 1 cc. of 2 per 
cent enzyme solution were added. (2) To 176 mg. of a-phenyl- 
glucoside*in 3 cc. of H,O, 1 cc. of 0.1 N acetate buffer and 1 cc. of 2 per 
cent enzyme solution were added. From all digests 0.5 cc. sam- 
ples were taken at intervals and the protein was precipitated with 
95 per cent ethyl alcohol. To the maltose solution 10 volumes of 
alcohol were added, to the others 5 volumes. In 1 ce. of the clear 


2 We are greatly indebted to Professor B. Helferich of the University of 
Leipsic for the sample of a-phenylglucoside which he so kindly sent us. 


18 11 

64 30 20 
72 72 45 28 
80 84 52 30 

62 75 58 
33 
35 62 27 16 
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filtrates hydrolysis was determined by our monose method (3). 
Toluene was used as an antiseptic. The temperature was 37°. 

The results on carbohydrases are incorporated in Table I. 
The optimum pH for maltase activity was found to be at 5.5, for 
sucrase activity 6.0, for the melibiase 5.5, and for the raffinose hy- 
drolysis 6.5. These optimum pH values are very close to the 
values found by Leibowitz and Mechlinski for taka-carbohydrases. 
The raffinose appears to have been split by the melibiase plus the 
sucrase. We found that not all the a-glucosides are hydrolyzed 
to the same extent by this maltase. Some are not hydrolyzed at 
all, such as a-methylglucoside, in 90 hours and others only very 
slowly; e.g., a-phenylglucoside, only 4 per cent in 74 hours. This 
would seem to be in accord with Weidenhagen to a certain extent.* 
In fact, however, there appear to exist two groups of maltases: 
one which splits a-methylglucoside and other a-glucosides as well 
as maltose rapidly, which we propose to name true a-glucosidases; 
the second group of maltases which hydrolyze maltose rapidly, 
but which act very slowly on some a-glucosides, and do not act on 
others at all. We suggest that the latter be called pseudo-a-gluco- 
sidases. 

Experiments on Tryptic Enzyme 

Digestion Experiment 1—To 5 ce. of a 6 per cent solution of 
casein, 2 cc. of N NH;-NH,Cl buffer of pH 8.5 were added, and 
the tryptic activity determined by the method of Willstitter and 
associates (5). At this pH an activity of 2.2 units per 100 mg. was 
observed. 

Digestion Experiment 2—A 6 per cent solution of casein was 
adjusted with HCl to pH 5.0. To 5 cc. of this casein solution 3 ce. 
of the 2 per cent enzyme solution were added. The activity at 
this pH as found by the Willstitter method was 1.3 units per 100 
mg. 

Milk-Clotting Power of Tryptic Enzyme—These experiments 
were performed in accordance with our earlier investigations (6) 
on pancreatic trypsin. Dilute solutions clot milk more rapidly 
than concentrated ones. 

The properties of the tryptic enzyme of this plant, therefore, as 


3 A review of the literature and a discussion of the specificity of carbo- 
hydrases have recently been given (4). 
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to the digestion of casein and the clotting of milk are similar to 
those of pancreatic trypsin. 
SUMMARY 


Solanum indicum has been found to be a good source of several 
carbohydrases and of a tryptic enzyme. 

It has been demonstrated that maltases may be divided into 
two classes. One, the true a-glucosidases, split maltose and all 
a-glucosides. The other, the pseudo-a-glucosidases, hydrolyze 
maltose and certain easily hydrolyzed a-glucosides. 


We wish to thank Mr. D. Mishkind for technical assistance. 
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THE COMPOSITION OF THE PROTEINS OF EGGS FROM 
HENS ON DIFFERENT DIETS* 


By HERBERT O. CALVERY anp HARRY W. TITUS 


(From the Department of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor, and the Nutrition and Physiology Labora- 
tories and the Office of Poultry Investigations, Beltsville, Maryland, 
of the Animal Husbandry Division, Bureau of Animal Industry, 
United States Department of Agriculture, Washington) 


(Received for publication, April 9, 1934) 


It has been established that a tissue can be altered quantitatively 
by varying the nature of the diet, but it has not been shown that a 
modification of the composition of a single component of this 
tissue, regardless of complexity, can be accomplished. The 
present investigation of the proteins of eggs produced by pullets 
raised and kept on different diets was undertaken with the hope 


that some definite information concerning the type of changes 
that may occur could be obtained. Such a study of the purified 
proteins of the yolks and whites and of the crystalline albumin and 
vitellin has not been previously reported. The literature has been 
discussed by McFarlane, Fulmer, and Jukes (1) and by Titus and 
coworkers (2-4) and need not be further discussed here. 


EXPERIMENTAL 


The eggs used in this investigation were produced at the United 
States Animal Husbandry Experiment Farm, Beltsville, Maryland, 
and shipped while still fresh to Ann Arbor where they were used 
the same day of arrival for the preparation of the various fractions. 
They were obtained from single comb white Leghorn pullets raised 
and kept on diets which differed only in the source of the protein. 
In the first diet the source of protein was wheat (middlings only), 
in the second, corn (ground corn and corn gluten), and in the third 


* A preliminary report of this investigation was made before the Inter- 
national Physiological Congress at Rome, August, 1932 (Sunti comunicaz. 
scient., XIV cong. internaz. fisiol., Rome, 45 (1932)). 
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it was soy bean (oil cake meal). In each case the diet contained 
no other source of protein. In physical characteristics the eggs 
produced by the pullets on wheat and corn diets differed noticeably 
only in the color of the yolk while those produced by the hens on 
the soy bean diet differed from the others markedly in the consist- 
ency of both white and yolk as well as in the color of the yolk and 
the fragility of the yolk membrane, the yolk often being distinctly 
pink or having large pink areas and the membranes being very 


fragile. 
I 


Average Weights and Volumes per Egg of Fractions Studied (Except the 
Albumin and Vitellin of Eggs) Produced by Hens on Three Different 
Types of Diets* 


Diets 

Wheatt Cornt Soy beant 
50.3 48.1 46.6 
25.2 25.8 21.7 
25.8 26.7 22.3 
3.7 3.5 3.2 
13.2 13.9 12.8 
Dry “ 2.6 2.5 2.5 


* The difference between the total weight of the egg and the sum of the 
wet weight of the white and yolk represents the weight of the shell plus 
adhering white and the white lost by washing the yolks. 

+ The number of eggs used from hens on wheat and corn diets were 95 
each, while those from hens on the soy bean diet were only 24. 

t These weights include small amounts of adhering white and the yolk 
membrane. 


For the preparation of the crystalline albumin and the vitellin 
the procedures previously described (5, 6) were used. For the 
preparation of the yolk and white fractions the eggs were broken, 
and the whites separated as completely as possible from the yolks 
and from the shells. The yolks were dropped into 1 per cent so- 
dium chloride and then washed in groups of eight or ten in running 
distilled water to remove most of the loosely adhering white. They 
were then poured onto a piece of muslin and rolled carefully, to 
prevent breaking, from the muslin into a beaker, weighed and then 
poured into a flask of boiling absolute alcohol, stirred vigorously 
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Composition of Proteins of Eggs Produced by Hens on Different Diets 
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for a few minutes, and let stand overnight. They were repeatedly 
extracted with hot absolute alcohol and then with ether until all 
fat wasremoved. The whites were likewise measured and weighed 
and poured into a large volume of boiling absolute alcohol. After 
extraction with absolute alcohol and ether all of the products 
were dried in a vacuum desiccator over sulfuric acid for 48 hours 
and then used for analysis. The average weights per egg are re- 
corded in Table I. 

The analytical methods used throughout the investigation are 
listed below. The moisture was determined by drying to constant 
weight at 105°; the ash was determined by ignition in platinum 
dishes in a muffle furnace, total nitrogen by the micro-Kjeldahl 
method of Pregl (7), amino nitrogen by the method of Van Slyke 
(8), amide nitrogen by the method of Van Slyke (9) with a slightly 
modified apparatus, total sulfur by the method of Denis (10) after 
the protein had been decomposed by the method of Wolf and 
Osterberg (11), labile S by the recent method of Zahnd and Clarke 
(12), tyrosine and tryptophane by the method of Folin and Cio- 
ealteu (13), cystine by the method of Folin and Marenzi (14), 
arginine, histidine, and lysine by the isolation method of Calvery! 
(15); while the arginine was also determined by the method of 
Van Slyke (9) with the apparatus proposed by Koehler (16). The 
results of these analyses are reported in Table II. The control 
albumin and the control vitellin had been previously prepared by 
one of the authors (C.) from the eggs of hens on normal diets ob- 
tained from a nearby hatchery. Some of the analyses of these 
have previously been reported (5, 6) but some new ones are in- 
cluded here. 


DISCUSSION 


Since the results reported here cannot be evaluated statistically, 
it is difficult to point to any marked differences in the composition 
of the proteins from the eggs of pullets on these three different 


! The arginine, histidine, and lysine values reported in this investigation 
have not been corrected for the solubility of the salts in the solvents from 
which they were isolated. This is also true of values reported by one of 
the authors (C.) in previous investigations (5, 6, 15) of the basic amino 
acids of proteins. When such corrections are made the values will be 
higher. 
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types of diets. There is only one consistent difference to be noted 
among all the analyses and that is in the amide nitrogen, that of 
the eggs from pullets on the soy bean diet being consistently lower 
than any of the others, but if numerous analyses were made and 
studied statistically that difference might not prove to be significant. 
The authors feel that the differences, however, are well beyond the 
range of experimental error, since when the determination is prop- 
erly made, the error is not greater than 0.15 per cent. The only 
other difference is in the amino nitrogen of this same series of 
proteins, and that difference is not apparent when the albumin of 
eggs from hens fed soy beans is compared with the other albumins. 
These values are not so accurate as those for the amide nitrogen, 
since they vary greatly with the manner in which the hydrolysis 
is conducted. 

The results for chicken eggs reported in this investigation are 
certainly not in agreement with those for pigeon eggs reported 
by Pollard and Carr (17) and by Gerber and Carr (18). The 
sources of materials for the two sets of analyses were strikingly 
similar but the results of the latter certainly do not confirm those 
of the former. The authors of the second paper do not comment 
on the wide differences in their results from those reported in the 
first paper. As Van Slyke himself has emphasized, his distribu- 
tion method does not yield accurate results when applied to whole 
tissues, especially when large amounts of lipids, inorganic salts, 
and extractives are present. It was devised for highly purified 
proteins, and when otherwise used, conclusions should be carefully 
drawn. Even with highly purified proteins the results obtained 
are often difficult to interpret. However, our results are quite in 
agreement with those of McFarlane, Fulmer, and Jukes (1), who 
state that ‘‘no significant difference was found, however, in the 
composition of the proteins of eggs of poor hatchability so far as 
the total nitrogen, total amino-nitrogen, tyrosine, tryptophane, 
cystine content was concerned, and the composition of the proteins 
of eggs of high hatchability. There was no clear evidence that the 
diet of the hen had any influence on these values.”’ In their recent 
investigation, Titus, Byerly, and Ellis (2) by means of a suitable 
method have shown that eggs produced by pullets receiving well 
balanced diets differed in composition from eggs obtained from 
pullets on less satisfactory diets, the yolks being more readily af- 
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fected than the whites. The difference was in the protein content 
of the dry white and yolk, and although this difference was small 
they believed it was consistent. 

In conclusion it should probably be emphasized again that, 
although various tissues may be modified by varying components 
of the diet, the modifications so far established are the introduction 
of some new constituent or a variation of the ratio of the constit- 
uents already present as, for example, the variation of the oleic 
acid content of liver lipids by the introduction of large quantities 
of oleic acid into the diet or the introduction of Sudan ITI into the 
egg yolk of the hen by its inclusion in the diet, and not a variation 
in the structure or composition of any single simple or complex con- 
stituent of that tissue. 


SUMMARY 


Some extensive investigations of the composition of the proteins 
of eggs produced by single comb white Leghorn pullets raised and 
kept on diets having entirely different sources of proteins, namely 
wheat (middlings only), corn (ground corn and corn gluten), and 
soy bean (oil cake meal), have been made and are summarized in 
Table II. No marked differences in the composition of the proteins 
were observed. 
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THE INFLUENCE OF EPINEPHRINE ON CHEMICAL 
CHANGES IN ISOLATED FROG MUSCLE* 


By A. H. HEGNAUER anv GERTY T. CORI 


(From the Department of Pharmacology, Washington University School of 
Medicine, St. Louis) 


(Received for publication, May 4, 1934) 


A large number of investigations deal with the chemical changes 
produced by epinephrine injections in muscle of intact mammals. 
There is now general agreement that epinephrine accelerates 
glycogenolysis in muscle and that this leads to an accumulation of 
hexosemonophosphate and lactic acid. 

Relatively few investigations have been carried out on intact 
cold-blooded animals. Buchwald and Cori (1931) determined the 
lactic acid content of the whole body of frogs. Epinephrine injec- 
tions were found to increase the lactic acid content and the O, 
consumption of immobilized frogs before as well as after removal 
of the liver. Less lactic acid was formed under the influence of 
epinephrine in frogs kept in air than in those kept in nitrogen; this 
indicated an oxidative removal of the lactic acid produced by the 
epinephrine injection and provided an explanation for the calori- 
genic action of this hormone. 

Experiments on isolated frog muscle were carried out by Lesser 
(1920). He immersed gastrocnemii in oxygenated Ringer’s solu- 
tion containing epinephrine 1:500,000 and kept them at 20°. 
After 5 hours these muscles contained 150 mg. per cent less glyco- 
gen than did suitable control muscles kept in Ringer’s solution 
without epinephrine. This observation has recently been con- 
firmed by Baum, Christen, and Pichler (1933). Skinned legs of 
frogs, kept for 4 hours in Ringer’s solution containing epinephrine 
1:100,000, lost on an average 95 mg. per cent of glycogen under 
aerobic and 79 mg. per cent under anaerobic conditions. Bozler 


* This investigation was aided by a grant from the Rockefeller Founda- 
tion to Washington University for research in science. 
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(1933) measured the anaerobic heat production of frog muscle 
and found that immersion of sartorii in Ringer’s solution contain- 
ing epinephrine 1 :2,000,000 caused a marked increase in anaerobic 
heat. 

A few years ago an attempt was made by one of us to demon- 
strate an accelerated lactic acid formation in anaerobic frog muscle 
under the influence of epinephrine; but the experiments failed for 
reasons which have now been made clear; 7.e., muscles of large 
diameter were used and epinephrine was allowed to act for too 
short a period of time. The results reported by Bozler made it 
desirable to investigate this problem again in order to determine 
what chemical changes were responsible for the increased an- 
aerobic heat production. Accordingly, measurements of lactic 
acid, hexosephosphate, phosphocreatine, and other fractions of 
acid-soluble phosphate were carried out in anaerobic frog muscle 
suspended in Ringer’s solution with and without the addition of 
epinephrine. In addition the influence of insulin and of ergotam- 
ine on the changes produced by epinephrine was investigated. 


EXPERIMENTAL 


After low spinal transsection, symmetrical muscles were removed 
from the two legs, care being taken to avoid any damage to the 
muscles. The muscles were soaked for 2 to 3 hours in bicarbon- 
ate- or phosphate-Ringer’s solution (pH 7.2) in the ice box. Mus- 
cles so treated show uniform and low values for lactic acid (Heg- 
nauer (1934)). Another satisfactory method of preliminary 
soaking, especially for muscles of large diameter such as the 
gastrocnemius, consists in shaking the muscles in bicarbonate- 
Ringer’s solution at a temperature of 20° and passing O, contain- 
ing 5 per cent CO, through the solution, the ratio of CO, to 
NaHCO; being so adjusted that the pH is 7.2. 

After the preliminary period of soaking, the muscles were 
weighed and transferred to test-tubes containing Ringer’s solution 
of the same composition as that used for soaking. The test-tubes 
were placed in a bath kept at 20°, a rubber stopper with inlet and 
outlet tubes was inserted, and hydrogen, previously freed of oxy- 
gen by passing it over copper gauze heated in a silica tube, was 
bubbled in a slow stream through the Ringer’s solution. After 10 
minutes of anaerobiosis, epinephrine was added to one tube, while 
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the matched muscles in the other tube served as controls. The 
total period of anaerobiosis varied in the different experiments 
from 1.5 to 5 hours. 

At the termination of the experiment the muscles were removed 
from the test-tubes and dropped into ice-cold fixative solution (3 
to 5 ec. of 2.5 per cent HgCl, in 0.5 N HCl per gm. of muscle).! 
The muscles were ground thoroughly with acid-washed sand and 
diluted 1:10 (or to any other convenient volume). In making 
the dilution, the Ringer’s solution in the test-tubes was added and 
the water content of muscle was assumed to be 80 per cent of its 
weight. Ground muscle and fluid were centrifuged and the 
supernatant fluid poured off and freed of Hg in the usual manner. 
Lactic acid was determined by means of the Friedemann, Cotonio, 
and Shaffer method, as modified by Wendel (1933). Hexosemono- 
phosphate was determined according to Cori and Cori (1931-32). 
For phosphocreatine measurements the muscles were ground in 
sufficient 5 per cent trichloroacetic acid to give a 1:10 dilution. 
The filtrate was neutralized at once and an aliquot taken for the 
analysis, all these operations being carried out in a cold room. 
The Fiske-Subbarow (1929) calcium precipitation method was 
used. In addition, the directly estimable fraction (inorganic + 
phosphocreatine P), the 8 minute hydrolysis value (in Nn HCl), 
and the total acid-soluble phosphate were determined in the same 
trichloroacetic acid filtrate. 

The muscles used were the sartorius, semitendinosus, ileofibu- 
laris, tibialis, peroneus, and in some cases the semimembranosus. 
These are subsequently referred to as “small’’ muscles in order to 
contrast them with the gastrocnemius, on which a number of 
observations were also made. The gastrocnemius is not only 
much larger in diameter, but is surrounded by a fairly strong sheath 
of connective tissue and offers for these reasons less favorable 
conditions for the penetration of epinephrine than do the small 
muscles. 

The dilutions of epinephrine were prepared from the 1:1000 


1Lohmann and Jendrassik (1926) compared trichloroacetic acid and 
HgCl,-HCl mixture as deproteinizing agents and found nearly identical 
values for the total acid-soluble phosphate content of muscle. Hexose- 
phosphate determinations in trichloroacetic acid and HgCl, filtrates, 
carried out in this laboratory, showed satisfactory agreement. 
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stock solution of Parke, Davis and Company. In view of the high 
dilutions used (1:5 X 105 to 1:10%), it seemed improbable that the 
chloretone which is present in the stock solution would interfere. 
Nevertheless, a number of experiments were done in which the 
free epinephrine base (Parke, Davis and Company) was used. 
The results were the same as with the stock solution. 

Anaerobic and Aerobic Lactic Acid Formation—Control experi- 
ments consisted in measuring lactic acid in matched muscles 
before and after varying periods of anaerobiosis. To give one 
example: right and left gastrocnemii of the same frog contained 
27.8 and 28.2 mg. per cent of lactic acid, respectively, after soak- 
ing for 2 hours in Ringer’s solution in the ice box. Two other 
muscles, after preliminary soaking, were kept anaerobically for 2.5 
hours at 20° and contained 62.1 and 65.2 mg. per cent of lactic 
acid, respectively. The close agreement found in controi experi- 
ments on matched muscles made it possible to attach significance 
to differences in the rate of anaerobic lactic acid formation exceed- 
ing 5 percent. It is to be noted that unless the muscles are soaked 
for some time in Ringer’s solutions, after removal from the body, 
the agreement is not so satisfactory. This is due to the fact that 
removal of the muscles, especially of the small ones, involves a 
certain amount of trauma, from which the muscles must be allowed 
to recover before further experimental procedures are instituted. 
It may be recalled that the loss of irritability of freshly dissected 
muscle is attributed by Duliére and Horton (1929) to this initial 
trauma and that irritability returns to normal after soaking in 
Ringer’s solution. 

Table I shows the results obtained under anaerobic conditions. 
It may be seen that epinephrine increases the anaerobic lactic acid 
and hexosephosphate formation in isolated frog muscle. The 
limiting factors are the concentration of epinephrine, the time of 
exposure, and the thickness of the muscle; and the experiments in 
Table I are designed to illustrate these points. In all cases the 
changes in hexosephosphate? were much greater than those in 
lactic acid. For instance, 1.3 and 1.5 hours exposure to epineph- 


2 In most experiments hexosephosphate was estimated both as hexose 
and as organic P, as originally described in the method. The agreement 
between the P found and calculated was in all cases satisfactory. In order 
to save space, only the hexose values are recorded in the tables. 
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rine 1:4,000,000 (Experiments 1 and 3) gave increases of 10 and 
7 mg. per cent of lactic acid, respectively (or of 22.2 and 15.9 per 


TaBLe I 
Effect of Epinephrine on Anaerobic Lactic Acid and Hexosephosphate Forma- 
tion in Isolated Frog Muscle 
C = control muscles; E = muscles treated with epinephrine. 
Values are given in mg. per cent. 


Experi| ration | Tie | Lactic acid | | 
ment oO in (as hexose) | hexose- 
No. | epineph- lactic phos- 
rine Cc E acid C E phate 
million 
Small mus- 1 4 1.3 | 45 55 | 10 83 | 127 44 
cles 2 16 1.3 42 44 2 90 116 26 
3 4 1.5 44 51 7 67 123 56 
4 0.5 2.5 86 lll 25 
5 0.5 | 2.5 59 72 13 
6 8 2.5 63 84 21 79 160 81 
7 1 3.0 50 73 23 
8 1 3.0 61 74 13 
9 4 3.0 62 84 22 
10 4 3.0 59 81 22 57 152 95 
11 8 3.0 67 81 14 
12 | 128 3.0 51 62 1l 
13 128 3.0 77 84 7 |: 69 82 13 
14 2 3.3 72 88 16 
15 32 3.5 70 86 16 
16 1 4.0 70 87 17 71 138 67 
17 32 4.0 72 89 17 
18 a 5.0 96 117 21 50 146 96 
Gastro- 19 + 1.3 35 35 0 38 51 13 
enemii 20 16 1.3 34 34 0 59 77 18 
21 t 1.5 45 47 2 53 95 42 
22 4 3.0 70 86 16 
23 64 3.0 52 55 3 
24 1 3.5 62 93 31 60 171 lll 
25 4 5.0 92 105 13 


cent over the control value), while the increase in hexosephosphate 
(in terms of hexose) amounted to 44 and 56 mg. per cent. In 
Experiment 2, a concentration of epinephrine of 1:16,000,000 was 
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insufficient to cause a significant rise in lactic acid for that particu- 
lar time of exposure (1.3 hours) but there was a distinct increase in 
hexosephosphate. With longer times of exposure (3.5 to 4 hours) 
a concentration of 1:32,000,000 epinephrine (Experiments 15 and 
17) was still fully effective in increasing anaerobic lactic acid forma- 
tion in small muscles, while 1:128,000,000 epinephrine (Experi- 
ments 12 and 13) was apparently close to the limiting concentra- 
tion, since lactic acid and hexosephosphate rose decidedly less than 
with the higher concentrations. It is possible that if sartorii alone 
had been used, still greater dilutions would have been found 
effective. Exposure to epinephrine for 4 to 5 hours (Experiments 
16 to 18 and 25) did not give a greater effect than exposure for 3 
hours. Apparently the action begins to wear off after 3 hours; 
whether or not this is due to a destruction of epinephrine has not 
been investigated. The results were the same whether the mus- 
cles were suspended in bicarbonate or phosphate buffers. 

The results obtained on gastrocnemii (Table I) were similar to 
those on small muscles, except that longer exposures and higher 
concentrations of epinephrine were necessary to produce the full 
effect. Experiments 19 and 21 are comparable to 1 and 3 and it 
may be seen that 1.3 to 1.5 hours exposure was too short a time to 
cause a rise in lactic acid, though there was a noticeable effect on 
hexosephosphate. A concentration of 1:64,000,000 (Experiment 
23), which is effective in small muscles, gave only an insignificant 
rise in lactic acid during 3 hours of exposure, while higher concen- 
trations gave quantitatively the same result as in small muscles. 
It seems probable that diffusion plays a rdéle and hence small mus- 
cles respond sooner and to greater dilutions of epinephrine than 
muscles of large diameter, such as the gastrocnemius. 

Similar experiments were carried out under aerobic conditions.’ 
The muscles were suspended in phosphate buffer of pH 7.2 with 
oxygen bubbling through the solution (Experiments 1 and 2, Table 
II). In Experiments 3 to 6 the muscles were shaken, in order to 
provide a still better oxygenation, and a CO.-bicarbonate buffer 
was used. It may be seen that epinephrine has less effect under 
aerobic than under anaerobic conditions, confirming similar 
observations made by Buchwald and Cori (1931) on intact frogs. 

* The authors are indebted to Mr. R. E. Fisher for his assistance in these 
experiments. 


i 
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On an average the increase in lactic acid and hexosephosphate 
amounted to 8 and 37 mg. per cent, respectively, in aerobic muscle 
and (under comparable conditions) to 21 and 95 mg. per cent in 
anaerobic muscle. From these data one may calculate the 
expected increase in oxygen consumption of isolated frog muscle 
treated with epinephrine. 

Effect of Ergotamine and Insulin—Both substances counteract 
the glycogenolytic effect of epinephrine in the liver and it was 


II 
Effect of Epinephrine on Aerobic Lactic Acid and Hexosephosphate Formation 
in Isolated Frog Muscle 
Epinephrine in a concentration of 1:500,000 was allowed to act for 3 
hours on small muscles. C = control muscles; Z = muscles treated with 
epinephrine. 
Values are given in mg. per cent. 


Lactic acid Hexosephosphate Increase in 
(as hexose) hexowephoe- 
Cc E Cc E 
1 24 34 10 72 104 32 
2 31 38 7 65 129 64 
3 26 36 10 59 99 40 
4 22 31 9 
5 13 15 2 37 51 14 
6 20 24 4 65 98 33 
Average (aerobic).......... 8 37 
 (anaerobic)*....... 21 95 


* Experiments 6, 10, 16, 18, 24, Table I; Experiments 3, 7, 9, Table III. 


therefore of interest to see whether they produced a similar effect 
in muscle. The datain Table III indicate that this is not the case. 

Ergotamine alone, in the concentrations used and for exposures 
of 3.5 hours, had no effect on anaerobic lactic acid formation of 
isolated frog muscle. In Experiments 1 and 2, Table III, ergota- 
mine was added to both groups of muscles and epinephrine to one 
group at the beginning of the anaerobic period. In Experiments 
3 and 4 both groups of muscles were exposed for 2.8 hours to 
ergotamine at 17° and 3° respectively, before epinephrine was 
added (to one group of muscles) and the anaerobic period was 
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started. Longer time of exposure to ergotamine, especially at 
room temperature, damaged the muscles since they showed an 
increased lactic acid content and became non-irritable; this was the 
case in Experiment 5. Judging from the pharmacological litera- 
ture (Mendez (1928)), the relative concentrations of ergotamine 
and epinephrine were such that an inhibitory effect of the former 
should have manifested itself if it existed. In Experiment 3 the 


III 
Effect of Epinephrine on Anaerobic Frog Muscle Treated with Ergotamine or 
Insulin 

Ergotamine tartrate (Sandoz and Company) in a concentration of 
1:50,000 to 1: 100,000 was added to both, epinephrine to one group of small 
muscles. Insulin (2 units) was injected into the throat lymph sac 24 to 48 
hours before the experiment. C = control muscles; E = muscles treated 
with epinephrine. 

Lactic acid values are given in mg. per cent. 


- | Time of | Concen- | Time of Lactic aci 
exposure | tration ic acid 
to ergota-| epineph- 
No. mine rine i ¢ E 


1 part per 


million 


Insulin 


In Experiments 3, 7, and 9 the increase in hexosephosphate (as hexose) 
amounted to 74, 127, and 110 mg. per cent, respectively. 
* Gastrocnemius. 


ergotamine concentration was 40 times and in Experiment 4, 100 
times greater than the epinephrine concentration, but there was 
no sign of any inhibition, as shown by the fact that the rise of lactic 
acid and hexosephosphate was of the same magnitude as in muscles 
treated with epinephrine alone. Nitzescu and Munteanu (1932) 
reported that ergotamine did not prevent the increase in blood 
lactic acid produced in rabbits by epinephrine injections, and 


Increase 
in lactic 
acid 
Ergotamine 3.0 26 
3.0 18 
5.8 18 
5.8 18 
8.0 11 
ig 16 
21 
* 12 
18 
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a similar conclusion has recently been reached by Goldblatt 
(1933, b).* 

Insulin was injected into frogs 1 to 2 days previous to the experi- 
ments, because there is apparently a time element involved in its 
action on cold-blooded animals. This was revealed in experiments 
by von Issekutz (1924), who found that insulin added to the per- 
fusion fluid of an isolated frog liver had no effect, but when the 
animal had been injected a day or two previously, sugar formation 
in the perfused liver was inhibited. In the experiments of Buch- 
wald and Cori (1931) 2 units of insulin, injected 1 to 2 days previ- 
ously, inhibited sugar formation in intact frogs exposed to nitrogen 
or injected with epinephrine, but had no effect on lactic acid forma- 
tion. The same dose of insulin was used in the present experi- 
ments; as may be seen in Table III there was no inhibition of the 
epinephrine action on muscle. 

Phosphate Changes—In view of the marked increase in hexose- 
monophosphate of the muscles treated with epinephrine, it became 
of interest to determine which of the various phosphorus com- 
pounds existing in muscle contributes phosphate for esterification. 
The muscles were soaked in phosphate-Ringer’s solution in order 
to prevent a loss of inorganic P by diffusion, they were then trans- 
ferred to bicarbonate-Ringer’s solution and kept anaerobically at 
20°, epinephrine being added to one set of muscles, while the other 
served as control. The Ringer’s solution of the anaerobic period 
was included in the analyses. 

The experiments in Table IV show that in every case the muscles 
treated with epinephrine contained considerably less inorganic 
phosphate than did the control muscles. The pyrophosphate 
fraction and the total acid-soluble phosphate were practically 
the same in the two groups of muscles. The differences in phos- 
phocreatine also seem to lie within the experimental error, al- 
though, with the exception of Experiment 4, the muscles treated 
with epinephrine contained slightly more phosphocreatine than the 
control muscles. This may perhaps be attributed to the fact that 
the extra lactic acid produced by epinephrine resynthesizes some 
phosphocreatine. In rats injected with epinephrine Cori (1930) 

‘In an earlier paper, Goldblatt (1933, a) claimed, however, that in 
anesthetized cats ergotamine prevented the rise in blood lactic acid after 
epinephrine injection. 
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observed no significant changes in the phosphocreatine content of 
muscle, while the inorganic phosphate was found to be slightly 
diminished. 

The difference between the 8 minute hydrolysis values may be 
taken to represent the amount of inorganic phosphate which has 
undergone esterification. The values for esterified phosphate, as 


TaBLe IV 
Effect of Epinephrine on Phosphorus Distribution in Anaerobic Frog Muscle 


C = control muscles; Z = muscles treated with epinephrine. 
Values are given in mg. of P per 100 gm. of muscle. 


Inor- 
| Concen- 
“| tration gale + 
P creatine 


1 part per 
million ive. 


1 2.5 
4 | 3.0 
4 | 3.0 
4 | 3.0 
1 3.5 


32 4.0 


Cc 
E 
Cc 
E 
Cc 
E 
Cc 
E 
Cc 
E 
Cc 
E 


of hexosephosphate measurements (see Table II).......... 16 


calculated in the last column of Table IV, are of the same order of 
magnitude as those found by direct analysis of hexosephosphate. 
As pointed out previously, the decrease in plasma phosphate 
observed in laboratory animals following epinephrine injections 
is connected with the decrease in inorganic phosphate in muscle. 


P 
Smin, | | | ence in 
No. ysis P 
value) 
1 141 
140 14 
2 137 
141 18 
3 164 
161 15 
4 164 
161 19 
5 143 
146 14 
6 136 
138 4 
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DISCUSSION 


The data presented show that marked chemical changes can be 
produced in isolated frog muscle by addition of minute amounts 
of epinephrine. These changes agree in all particulars with those 
observed in muscle of intact animals and consist in a breakdown 
of glycogen, a decrease in inorganic phosphate due to the accumula- 
tion of hexosephosphate, and an increase in lactic acid. The 
minimal concentration of epinephrine effective in isolated frog 
muscle (1:100,000,000) is of about the same order of magnitude 
as the concentrations which still influence the contractions of 
isolated smooth muscle. 

Of the three exothermic chemical reactions known to occur in 
anaerobic muscle (lactic acid formation, splitting of phosphocrea- 
tine, and splitting of adenosinetriphosphate) only the first one is 
accelerated by epinephrine. Hexosephosphate formation is also 
an exothermic process but yields only 5 to 15 per cent of the heat 
liberated when glycogen is broken down as far as lactic acid. 
Since, however, 5 times more hexosephosphate than lactic acid is 
formed in anaerobic muscle under the influence of epinephrine, the 
heat produced by ester formation cannot be neglected. In his 
preliminary report, Bozler (1933) has not given any figures as to 
the actual increase in anaerobic heat observed in muscles treated 
with epinephrine. On the basis of the experiments here reported 
an increase of about 35 to 40 per cent (due to lactic acid and ester 
formation) may be expected to occur during 3 hours. 

Since less lactic acid and hexosephosphate are formed under the 
influence of epinephrine in aerobic than in anaerobic muscle, an 
increase in O2 consumption is to be expected, provided this differ- 
ence is due to oxidative removal of lactic acid rather than to an 
inhibition of lactic acid formation by oxygen. Unfortunately, 
most of the experiments dealing with the influence of epinephrine 
on O: consumption were carried out on minced muscle and condi- 
tions are therefore not comparable to those here reported. The 
literature has recently been summarized by von Euler (1930). 
He states that epinephrine in concentrations of 10-* to 10- 
increases O, consumption, the maximal effect being obtained with 
concentrations of 10-" to 10-%. In fully oxygenated muscle, 
epinephrine had no effect; it increased O, consumption only if 
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oxygenation was submaximal; 7.e., if the oxygen concentration was 
between 2 and 10 per cent. Von Euler suggests that epinephrine 
facilitates the diffusion of oxygen into the cells. In our experi- 
ments 10~* was near the limiting concentration of epinephrine 
which still caused carbohydrate and phosphate changes. In view 
of this marked discrepancy in the effective concentration, it would 
seem desirable to carry out further investigations concerning the 
effect of epinephrine on O, consumption of isolated muscle. 


SUMMARY 


1. Matched frog muscles were suspended in bicarbonate- or 
phosphate-Ringer’s solution (pH 7.2) and one group of muscles 
was treated with epinephrine in concentrations varying from 2 
x 10 to 10-*. Epinephrine caused an increase in lactic 
acid and hexosemonophosphate both under anaerobic and 
aerobic conditions, the change in hexosephosphate being much 
more marked than the change in lactic acid. During 3 hours of 
anaerobiosis the average extra amount of lactic acid plus hexose- 
phosphate (in terms of hexose) formed amounted to 116 mg. per 
cent. Under aerobic conditions the average increase in lactic acid 
plus hexosephosphate amounted to 45 mg. per cent; i.e., it was 
much smaller than under anaerobic conditions. 10~-* was close 
to the limiting concentration of epinephrine for thin muscles such 
as the sartorius; higher concentrations were required to produce 
the same effect in gastrocnemii as in thin muscles. 

2. Neither ergotamine nor insulin was found to antagonize the 
lactic acid and hexosephosphate changes induced by epinephrine. 

3. Epinephrine produced in anaerobic muscle a marked decrease 
in inorganic phosphate (due to ester formation), no change in 
adenosinetriphosphate, and no change or a slight increase in 
phosphocreatine. 
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OF IRON PYROPHOSPHATE 
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Shortly after the appearance of Spoehr’s work (1) on the iron 
pyrophosphate model of biocatalytic oxidation, the author (2) 
obtained similar results with the same methods. Degering and 
Upson (3, 4) have apparently confirmed the earlier work of Spoehr 
and also that of Spoehr and Smith (5). Recently, however, 
Theriault, Butterfield, and McNamee (6) have questioned the 
results on the basis of bacterial contamination of the reaction 
systems. They not only attribute the oxidation of glucose in 
such mixtures as Spoehr’s to the presence of living microorganisms, 
but also explain the initial lag in carbon dioxide formation by 
“delayed growth of bacteria when a light inoculum was added at 
the start or when reliance was placed on chance contamination of 
the samples.”” They did not duplicate the method used by 
Spoehr but rather measured the oxygen uptake instead of carbon 
dioxide formed. The apparatus was sterilized and cultures taken 
at intervals. It was observed that the oxygen taken up corre- 
sponded fairly well with the absence or presence of growth as shown 
by the cultures made from the reaction mixture. In the discussion 
of their own work they state frankly that, “As no attempt was 
made in these studies at the strict duplication of published experi- 
mental conditions, it would be hazardous to institute too close a 
comparison between the results presented in this paper and the 
findings of Spoehr and his associates.”’ 

In view of the difficulties experienced by these workers in keep- 
ing the reaction mixtures sterile after initial sterilization, it was 
thought that another method of testing the results was available. 
Instead of sterilization of solutions and apparatus by heat with its 
attending danger of subsequent contamination with microorgan- 
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isms during the process of setting up the reaction systems, germi- 
cides could be used to prevent bacterial growth. This would only 
be applicable provided the germicides used did not inactivate the 
iron catalyst nor themselves react with glucose. In addition to 
this the oxidation by air of glucose dissolved in Spoehr’s solution 
but without the iron salt could be compared with the ordinary 
iron-containing mixture. Further, solutions of glucose in 0.9 
per cent saline, in distilled water, in ordinary tap water could be 
aerated and compared with the iron pyrophosphate model. 


Procedure 


In all instances in which Spoehr’s solution was used, it was made 
up according to his directions (1, 5). Unless otherwise stated, it 
contained 6.7 gm. of sodium pyrophosphate decahydrate, 1 gm. of 
ferrous sulfate heptahydrate, 17 gm. of disodium phosphate 
dodecahydrate. The amount of sugar in the reacting mixtures 
was 3 gm. of glucose. The procedure was that of Spoehr (1), the 
reaction flasks being kept at 37.5° in a thermostat bath and 
aerated by means of a pump, the carbon dioxide formed being 
caught in a barium hydroxide solution contained in a Meyer 
tube. The carbon dioxide formed was determined by estimating 
the barium hydroxide remaining with an interferometer. A blank 
determination was always made containing all the salts in Spoehr’s 
solution but leaving out the glucose. This method checked up 
well with the titration method used by Spoehr. 


Results 


The first germicide that was tried consisted of 5 per cent phenol 
added to 150 ec. of Spoehr’s solution containing 3 gm. of glucose. 
The mixture was aerated for 43 hours. It was noted that the 
solution turned brownish purple on addition of phenol and re- 
mained so in spite of aeration. The brownish black color seen in 
Spoehr’s solution containing glucose disappears on aeration. Ap- 
parently the color noticed in the first instance was due to the 
commonly observed iron phenol compound. At the same time 
a control mixture made up of the usual Spoehr’s solution and 3 
gm. of glucose was aerated. A third reaction system contained 
glucose and all the salts of Spoehr’s solution except the iron. A 
fourth mixture was a blank containing all the salts of Spoehr’s 
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solution but no glucose. Due to the fact that a small amount of 
phenol passed over into the Meyer tube, the barium hydroxide was 
estimated by titration instead of with the interferometer. The 
results minus the carbon dioxide found in the blank are given in 
Table I, Experiment 18. It will be noted that although the 
phenol-containing system produced little carbon dioxide, the mix- 
ture containing no iron showed a negligible amount indeed. 
Because of the apparent reaction of phenol with the iron cata- 
lyst, another series of reactions was made with mercuric chloride 
as a germicide, the concentration being 1 gm. per 150 ce. of 
Spoehr’s solution. The time of aeration was 69.5 hours. The 
results given in Table I, Experiment 21, show a low production of 
carbon dioxide in the presence of a good germicide. But here 


Taste 
Carbon Dioxide Production (in Mg.) 


150 cc. Spoehr's solution + 3 gm. glucose 


Control No iron Germicide (see text) 


122.7 0.2 
185.0 

123.0 
124.4 
120.5 


again it was observed that although the mercuric chloride could be 
dissolved in a separate portion of water and then mixed with 
Spoehr’s solution without any apparent reaction, it was found that 
after about 1 hour at 37.5° a yellow precipitate which turned gray 
and then black was produced. The supernatant liquid was color- 
less and this did not turn dark brown with glucose as does iron 
pyrophosphate and glucose in solution in the absence of aeration. 

Owing to these inconclusive results, it was decided to try mer- 
curochrome in the mixtures as a germicide. With 1 gm. of mer- 
curochrome per 150 cc. of Spoehr’s solution and the usual amount 
of glucose, aeration for 47 hours gave results as shown in Table I, 
Experiment 23. Although the carbon dioxide produced in the 
presence of this germicide was less than in the control, it is large 
indeed as compared with the iron-free mixture. The carbon 


21 6.7 
23 68.0 
29 95.8 
30 106.9 
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dioxide formed cannot be ascribed to mercurochrome, for a mixture 
containing the salts of Spoehr’s solution, 3 gm. of glucose, and 1 
gm. of mercurochrome, but no iron showed a formation of 7.4 mg. 
of carbon dioxide in the same time of aeration. As another check 
all of the mixtures were cultured in broth and then plated on agar. 
All gave negative cultures and no colonies were found on the plates. 

Merthiolate was used in another series of reactions. This 
germicide was found to produce a slight greenish color with the 
iron catalyst remaining so during aeration. The results obtained 
are given in Experiment 29 in Table I, the aeration being carried 
on for 47 hours. Since the last two germicides gave results that 
approached those of the control, mercuric chloride was again tried 
but in more dilute solution. The results with a 1:1000 solution 
of mercuric chloride in Spoehr’s mixture after aeration for 48 hours 
are given in Experiment 30 of Table I. Cultures made on agar 
plates were negative for all three mixtures. As a check a mixture 
containing mercuric chloride, glucose, and the salts of Spoehr’s 
solution, with the exception of iron, showed on aeration for 69.5 
hours the production of 0.5 mg. of carbon dioxide. In all of the 
above tests the so called blank mixtures, containing iron pyrophos- 
phate and buffer but no glucose, gave values of from 9.6 to 10.8 
mg. of carbon dioxide. 

It seems to be apparent that bacteria do not produce the carbon 
dioxide when glucose is aerated in the presence of iron pyrophos- 
phate in a buffered solution. 

Further tests were made by aeration of glucose solutions made 
up with distilled water, tap water, and 0.9 per cent saline solution. 
All of these in repeated tests showed after 70 hours aeration carbon 
dioxide production of from 3.4 to 7.4 mg., while the control gave 
173.2mg. The action of pyrophosphate and phosphate alone was 
studied. This was done by dissolving the amount of these salts 
present in Spoehr’s solution separately in 150 cc. of water and the 
usual amount of glucose. No iron was present. The simple 
pyrophosphate-glucose solution showed 3.8 mg. of carbon dioxide, 
the phosphate-glucose gave 0.0 mg., and the control 107.6 mg. 
The aeration was carried out for 47 hours. 

Since Theriault et al. cite Warburg as finding that pyrophosphate 
possibly inhibits oxidation, various amounts of the pyrophosphate 
were added to Spoehr’s solution and aerated for 49 hours. The 
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control having a pH of 7.3 produced 127 mg. of carbon dioxide; the 
addition of twice the amount of pyrophosphate (pH 7.6) gave 
155.8 mg.; the addition of 3 times the amount of pyrophosphate 
(pH 7.8) showed 176.9 mg. Certainly no inhibition was noted. 


SUMMARY 


The oxidation of glucose by air in the presence of iron pyrophos- 
phate in a suitably buffered solution was studi€d. Bacterial con- 
tamination was combatted by the use of germicides. Provided the 
germicide does not react with the iron catalyst, oxidation goes on 
as well or nearly so as in the mixture containing no germicide. 
Apparently bacteria are not the agents in producing the large 
amounts of carbon dioxide observed. 

Mixtures containing pyrophosphate and phosphate buffer do not 
produce appreciable amounts of carbon dioxide when allowed to 
act on glucose in the absence of iron. 

Increasing amounts of pyrophosphate do not inhibit the action 
of the iron as a catalyst. 
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The discovery in 1927 that ergosterol could be antirachitically 
activated to a high degree (1) must be regarded as a most note- 
worthy event in the development of our knowledge concerning the 
antirachitic vitamin. Since that time a truly enormous amount of 
work has been carried out on the chemistry and physiological 
effects of this remarkable substance and its transformation prod- 
ucts. The results of these investigations are too well known to 
require comment here other than that they may well be said to 
include some of the most notable achievements in the field of vita- 
min research. In consequence, the antirachitic properties of ir- 
radiated ergosterol have been firmly established and it has become 
an accepted article of commerce with highly prized therapeutic 
virtues. 

As is well known, the way to the above discovery was pointed 
by the investigations into the nature of the provitamin constituent 
in cholesterol (1-3), which resulted in the accepted identification 
of this constituent with ergosterol. Although certain investigators 
(4-6) obtained results suggesting that the presence of ergosterol did 
not account for all of the activity of certain samples of irradiated 
cholesterol, the identity of the main provitamin constituent be- 
came definitely accepted. This offered a ready explanation of 
the known antirachitic effect of ultra-violet light applied to the 
animal body and of the fact that these same rays induce activation 
in practically all plant and animal tissues. Consequently, it has 
become almost universally accepted that ergosterol is the main, 
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if indeed not the sole, parent substance of antirachitie activity 
throughout the plant and animal worlds. 

While the antirachitic effect of irradiated ergosterol has been 
completely established, nevertheless, there has been an increasing 
number of anomalous results brought to light which have not been 
satisfactorily explained. It has been definitely shown, for ex- 
ample, that quantitative differences exist between this supplement 
and others, such as cod liver oil, in their ability to cure and prevent 
rachitic manifestations, particularly in certain species. Baby 
chicks are especially sensitive to these different supplements (7-10), 
receiving protection against leg weakness from much less cod liver 
oil than irradiated ergosterol on the basis of rat units fed. The 
difference between these two supplements is so marked as to have 
caused one group of investigators (9) to conclude that the antira- 
chitic factor was not the same substance in both. The early clinical 
results on infants receiving irradiated ergosterol (11) brought out a 
similar quantitative difference although of lesser degree. This 
relative inefficiency of irradiated ergosterol has been difficult to 
understand in view of the reported efficacy of direct ultra-violet 
light applied to the animal body (12-16). More recent clinical ex- 
periments (17, 18), dealing with the ability of vitamin D- 
rich milks to cure or prevent infantile rickets, have yielded results 
which further complicate the problem. Not only have these milks 
been reported as being more efficacious than other supplements 
but also as differing in their efficacy depending on the method by 
which they are enriched with vitamin D. 

In addition to the above, data have appeared within the last 
few years indicating that ergosterol is poorly, if at all, absorbedfrom 
the digestive tract, a situation not easily understood if it is normally 
a constituent of the animal body. Schénheimer (19) has called 
attention to the non-absorbability of plant sterols in general and 
has found that ergosterol behaves in very much the same way. 
In extensive experiments carried out on mice, rats, rabbits, and 
dogs fed with ergosterol or ergosteryl acetate (20, 21) he and his 
associates found no evidence of absorption although, as they have 
pointed out, the spectrophotometric methods for estimating 
ergosterol are very sensitive. Only in the laying hen (22) was any 
indication of absorption obtained as determined by a slight in- 
crease in the ergosterol content of the egg yolk after feeding large 
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amounts of ergosterol. Similar results on this latter species were 
reported by Menschick and Page (23). These authors have also 
reported an increase in the ergosterol content of the brain choles- 
terol of rabbits fed with large amounts of ergosteryl acetate (24). 
Their results, however, are not very convincing since, as Schén- 
heimer et al. (21) have noted, the increase was very small and the 
values reported all lay within the normal limits of the ergosterol 
content of cholesterol. Beumer and Hepner (25) were also unable 
to demonstrate any appreciable absorption of ergosterol by mice 
after feeding ergosterol, ergostero! plus cholesterol, or ergosterol 
plus cholic acid. 

During the past 34 years this laboratory has been engaged in 
studies which have a direct bearing on the problems discussed 
above. In this paper we wish to present certain data which have 
been obtained from further investigations into the nature of the 
constituent of cholesterol which may be antirachitically activated. 
These data, it is believed, will not only suggest a much more satis- 
factory explanation of some of the above anomalous findings but 
will also be of extreme significance for the further development of 
our knowledge in this field. Our results, in brief, indicate that 
the provitamin present in cholesterol is not identical with ergos- 
terol, a finding which is in direct conflict with a fundamental con- 
cept on which much of the modern theory of vitamin D activity 
is based. 

Methods 

The basis of procedure throughout the experiments to be re- 
ported was the correlated assays of our various antirachitic prepa- 
rations on both rats and chicks. The rat assays were carried out 
according to the procedure of Steenbock et al. (26) with use of the 
well known line test method applied to the split ends of the radius 
and ulna; and the results were expressed in Steenbock rat units.' 

Our chick tests were of the prophylactic type carried out in a 
large heated basement room with small glass windows, those 
windows near the chicks being shaded with a colored translucent 
window glass substitute. The birds were kept in a specially con- 
structed all-metal brooder, each cage being equipped with a wire 


1 Steenbock (9) has reported that 1 such unit approximates 2.7 inter- 
national units. 
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mesh bottom and suspended above a large metal pan. In the main, 
we used white Leghorn chicks either purchased when day-old from 
reliable poultrymen or hatched in our own laboratory from eggs 
always obtained from a small flock of hens maintained on a uni- 
form diet. Each group of chicks contained usually fifteen to twenty 
individuals. 

The basal ration which we used most (basal Ration I) had the 
following composition: ground yellow corn, 40; wheat bran, 20; 
wheat middlings, 20; alfalfa leaf meal, 5; dried buttermilk, 4; meat 
scrap, 4; fish meal, 4; ground oyster shell, 2; and salt, 1. This 
ration was chosen in our early experiments because we wished to 
determine the effect of the various supplements used under what 
might be termed practical conditions. Effectively supplemented 
with vitamin D, it supported excellent growth; unsupplemented 
it produced good growth during the first 3 or 4 weeks, following 
which noticeable evidences of leg weakness appeared and growth 
declined. With this ration, our chick experiments were usually of 
8 weeks duration. In many experiments we added the various 
supplements after the chicks had been on this basal ration for 1 
or 2 weeks. 

Later, in an attempt to make our experimental conditions more 
rigorous and so reduce the length of the experiments, we used an- 
other ration (basal Ration II). This was the one described by 
Hart, Kline, and Keenan (27) which had the following composition: 
ground yellow corn, 59; wheat middlings, 25; crude casein, 12; 
CaCOs;, 1; Ca phosphate, 1; dried yeast, 1; salt, 1. This diet was 
much more severe than basal Ration I and when unsupplemented 
with a potent antirachitic preparation soon led to pronounced leg 
weakness with accompanying poor growth and a very low percent- 
age bone ash. On the basal ration alone or with ineffective sup- 
plements many of our chicks did not survive an experimental 
period of 6 weeks. 

In making additions to the basal diets, except where cod liver 
oil was added, we followed the practise of dissolving or suspending 
the preparations in corn oil in such concentration that 1 per cent of 
the oil mixed with 99 per cent of the basal ration introduced the 
desired amount of supplement. The cod liver oil was added to 
the basal rations in the amounts indicated (usually 0.25 or 0.5 per 
cent). The irradiated ergosterol which was used in our experiments 
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was obtained from large supplies activated and carefully assayed in 
this laboratory. The cod liver oil used throughout was from one 
sample of high grade medicinal oil purchased before our experi- 
ments were initiated. This oil assayed 40 rat units per gm. 

Throughout the experiments the chicks were weighed weekly 
and observations made as to their physical appearance and be- 
havior. The first appearance of leg weakness, indicated by an 
unsteady and staggering gait and a tendency to squat, was re- 
corded. At the end of the experiment, the chicks were killed and 
one bone, the tibia, was dissected out from each. In order to mini- 
mize the labor involved in carrying out the ash determinations all 
the bones from each group were combined into one large sample 
and an average figure for the group obtained in this way. The 
bones were crushed, wrapped in large filter papers, extracted with 
hot alcohol for 36 to 48 hours in a large modified Soxhlet apparatus, 
dried, and ashed in an electric muffle furnace. 

Preliminary Experiments 

Our interest in this problem dates from 1930 when we set out to 
study the reported inefficiency (7) of irradiated ergosterol in pre- 
venting leg weakness in baby chicks. In our first experiments 
irradiated ergosterol in solution in corn oil was compared with cod 
liver oil on the basis of so many rat units per 100 gm. of chick 
diet. A series of levels of each supplement was fed because we 
realized that only at the minimum protective dose could exact 
quantitative comparisons be obtained. Our results confirmed 
those of others in showing that the irradiated ergosterol was much 
less effective than cod liver oil. 

In later experiments cod liver oil and other less potent fish body 
oils (menhaden, cod) were reinforced with varying amounts of 
irradiated ergosterol and a series of levels of each of these prepara- 
tions was fed and compared with irradiated ergosterol dissolved in 
corn oil. This was done to find out whether there existed in the 
fish oils any factor, other than vitamin D, which might be respon- 
sible for the greater efficiency of the latter or which might supple- 
ment irradiated ergosterol and so increase its effectiveness. In 
these additions account was taken of the amount of the antirachitic 
factor from each source and in no case was any evidence found 
that the fish oils enhanced the effect of the irradiated ergosterol 
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beyond the very small amounts of vitamin D which they, them- 
selves, introduced. 

In these same experiments groups were included which received 
the non-saponifiable fraction of cod liver oil dissolved in corn oil. 
These additions were equally as effective as the cod liver oil. 

In one experiment we also injected subcutaneously an oil solu- 
tion of irradiated ergosterol, believing that poor absorption from, 
or destruction in, the digestive tract might hold the explanation 
for the low efficiency of the irradiated ergosterol. Further, we 
fed a series of levels of the dry irradiated mycelium from Asper- 
gillus niger (known to contain ergosterol) to determine if, possibly, 
in addition to ergosterol, there might be other substances present 
capable of activation which would increase the antirachitic effect. 
Our results revealed no advantage from injecting the factor and, 
while our experience with the irradiated mycelium was not suf- 
ficiently extensive to say whether or not slight differences existed 
between it and irradiated ergosterol, it was definite that both 
possessed a potency of the same order. 

In all of these experiments we found that 10 rat units per 100 
gm. of diet as cod liver oil or other fish oil vielded good protection 
against leg weakness while 25 or more times that number of rat 
units of irradiated ergosterol were required to afford equal pro- 
tection with the ration which we were using. It seemed to us, 
therefore, that the vitamin D of fish oils and irradiated ergosterol 
must be quite different in nature since their effect was so different 
in this species. Other investigators have published similar findings 
(8-10). 


Experiments with Irradiated Crude Cholesterol 


While we were in the midst of the above experiments and re- 
flecting upon this difference between the two supplements, we were 
struck by the great efficacy of direct ultra-violet light upon the 
body of chicks in preventing symptoms of vitamin D deficiency 
as reported in the work of others. Scott, Hart, and Halpin (13) had, 
for example, reported that as little as 3 minutes per week of direct 
exposure to a quartz mercury vapor lamp protected to a remarkable 
degree baby chicks subsisting on a severe rickets-producing diet. 
Russell and his associates (14) had also shown a marked curative 
effect of short exposures to the light from a mercury vapor lamp 
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filtered through an ultra-violet transmitting material and had 
found (15) that as little as 1 day’s exposure to winter sunlight, 
transmitted through the same material, resulted in a demonstra- 
ble protection. Hess and Supplee (16) had also observed that 
chicks respond to mild intensities of ultra-violet light. It seemed 
to us that here was a suggestion for a further attack on the problem. 
Clearly, the irradiation of the precursor in the skin of the chick led 
to a very efficient vitamin. Therefore, we reasoned, perhaps the 
photochemical reaction followed a different course in the skin and 
produced a different substance than was the case when ergosterol 
was irradiated in the laboratory, or perhaps some other substance, 
besides ergosterol, was present in the skin and reacted with ultra- 
violet light to produce a very potent antirachitic factor. 

On the basis of this theory it was decided to investigate the 
potency of an irradiated animal extract which would contain 
besides cholesterol some of the substances which normally accom- 
pany this sterol. Consequently, we purchased commercially’ a 
quantity of crude cholesterol which contained, according to the 
manufacturer, some fat and lecithin. This product was a brownish, 
semicrystalline preparation with a slight rancid odor and had been 
obtained by extracting the dried animal tissues (which tissues were 
not stated) with acetone, concentrating the extract till erystalli- 
zation began, filtering, and subsequently crystallizing the precipi- 
tate once from alcohol. 

Successive 10 gm. portions of the crude cholesterol were irradi- 
ated by spreading out each in a thin layer 10 inches below a hanging 
110 volt Y-type quartz mereury vapor lamp (Cooper Hewitt poul- 
try treater lamp). The total time of exposure was 1 hour, the ma- 
terial being scraped together and redistributed every 15 minutes 
to present new surfaces and to break up the small lumps. Several 
portions were irradiated in this way and combined to make a sup- 
ply for assay on both rats and chicks. 

In our first experiment we tested the irradiated crude cholesterol 
on chicks by adding it at levels of 15, 60, and 240 mg. per 100 gm. 
of the basal diet. These additions, suspended in corn oil in such 
proportion that the diet of each group contained 1 per cent of the 
oil suspension, introduced 20, 80, and 320 rat units per 100 gm. of 


2 The Wilson Laboratories, Chicago. 
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diet respectively, since the unit rat dose was found to be approxi- 
mately 0.75 mg. In this experiment were included also a group 
receiving 10 rat units of cod liver oil and four groups receiving, 
respectively, 10, 40, 160, and 640 rat units as irradiated ergosterol, 
all these amounts being present in 100 gm. of the diet. The re- 
sults from this experiment, which was of 8 weeks duration, showed 
that all the levels of irradiated cholesterol yielded excellent pro- 
tection against leg weakness and the growth and outward appear- 
ance was quite comparable to the cod liver oil-fed group. In con- 
trast, the irradiated ergosterol additions afforded very little 
protection at the lower levels, the three groups receiving 10, 40, 
and 160 rat units showing distinct leg weakness. The group re- 
ceiving 640 rat units appeared normal. The figures representing 
bone ash percentages substantiated these observations although 
in this experiment considerably more variation in these figures 
was observed than usual. 

In view of these exceedingly interesting results we were natu- 
rally stimulated to repeat the experiment and to extend our obser- 
vations. One of our first thoughts was that the increased efficiency, 
which we had obtained from irradiated crude cholesterol in the 
above experiment, might have been due to the presence of the rela- 
tively large amount of cholesterol which possibly aided in the ab- 
sorption of the antirachitic factor. Hence, in planning for a fur- 
ther experiment, it was decided to include certain groups which 
would receive irradiated ergosterol solutions to which had been 
added non-irradiated crude cholesterol. A second supply of the 
irradiated crude cholesterol was prepared in the same way as before. 

The plan of this second experiment and the results obtained 
will be easily understood from a study of Table I. Three groups 
(Groups 1, 2, and 9) may be considered as controls, since they 
received supplements which previous experience had taught us 
would produce definite predictable results. They illustrate re- 
spectively, the poor performance on the basal diet alone, the slight 
improvement from 90 rat units of irradiated ergosterol, and 
the definite antirachitic protection of 10 rat units of cod liver 
oil. Against these may be measured the performance of the three 
groups receiving the various levels of irradiated crude cholesterol 
and the three groups which received the different levels of a mix- 
ture of irradiated ergosterol and unirradiated crude cholesterol. 
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It will be seen that the antirachitic factor of irradiated crude 
cholesterol was clearly of the effective type since 20 rat units per 
100 gm. of basal ration prevented all symptoms of leg weakness. 


TABLE I 
Summary of Experiment 7 Showing Difference in Efficacy of Irradiated Crude 
Cholesterol and of Irradiated Ergosterol Alone and in Presence of Non- 
Irradiated Crude Cholesterol 


2 
= 14 (3 
| 
| Supplement to basal Ration I* | 2%] | Remarks 
3 Ps 
g 12° 
gm. | cent 
1 | None 285 gh All symptoms of leg 
weakness evident; 
all squat 
2 | 0.25 per cent cod liver oil 10 | 626 | 43.7| Chicks healthy; very 
active 
3 | 10 mg. irradiated crude | 20 | 633 | 44.6] “ “ 
cholesterol 
4 | 30 mg. irradiated crude | 60 | 600 | 43.0) Chicks healthy; con- 
cholesterol dition excellent 
5 | 90 mg. irradiated crude | 180 | 614 | 43.5 ss ” 
cholesterol 
6 | Irradiated ergosterol + 10 | 10 | 364 | 38.5) More than half of 
mg. crude cholesterol chicks squat 
7 | Irradiated ergosterol + 30 | 30] 311 | 35.4) About 3} of group 
mg. crude cholesterol squat; condition 
poor 
8 | Irradiated ergosterol + 90 | 90 | 350 | 36.7 = - 
mg. crude cholesterol 
9 | Irradiated ergosterol 90 | 362 ey All but 3 squat; con- 
dition poor 


* All chicks were maintained on the basal diet for 1 week before addi- 
tions, as noted, were made. 

t Figures for percentage of bone ash were obtained on ten chicks from 
each group. 


It may be interjected here that it was planned to feed this supple- 
ment at a level equivalent to 10 rat units but only preliminary rat 
assays were available when the chicks were started on experiment. 
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Later more complete rat assays indicated that 10 mg. introduced 
approximately 20 rat units. In comparison with Groups 3, 4, and 
5 it may be seen that the presence of crude cholesterol did not 
enhance the antirachitic effectiveness of the irradiated ergosterol 
fed to Groups 6, 7, and 8. 

It will be understood that with these further results at hand a 
number of questions presented themselves for answer. The most 
immediate of these was whether the increased efficacy was to be 
ascribed to the impurities known to be present in the crude 
cholesterol or whether irradiated pure cholesterol’ would also 
possess equally potent antirachitic effects on chicks. Assuming 
that the latter was the case, was the provitamin of cholesterol 
actually different from ergosterol or did it, rather, undergo a dif- 
ferent photochemical reaction? Was it possible that cholesterol 
itself, aside from any known provitamin, could be activated by 
ultra-violet light to yield a substance very active for chicks but 
not demonstrable by rat tests? 

In attempting to find answers to these questions it was necessary 
to carry out many experiments. Because of the nature of the 
chick experiments and the time consumed in carrying them out it 
was, of course, advantageous to investigate simultaneously the 
various lines of work suggested above; and in most of our experi- 
ments groups were included which bore on each phase of the prob- 
lem. Out of several available, we have chosen for detailed pres- 
entation some of our later experiments which were of this nature 
and which well illustrate the type of data we secured. In some 
of these experiments certain groups were included which received 
supplements not germane to our present discussion and these 
groups have not been included in Tables II to V presented. 

While these problems were studied simultaneously, for purposes 
of clarity and ease of presentation we propose to discuss our find- 
ings under the headings which follow. 


Irradiated Pure Cholesterol 


As a start on the study of these problems we decided to purify 
a quantity of the crude cholesterol used in the above experiments. 


3 Pure cholesterol is used here and throughout this paper in the ordinary 
sense, as referring to good color, crystal structure, melting point, etc., and 
not in the sense of being free from provitamin. 
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50 gm. were dissolved in 500 cc. of hot ethyl alcohol containing 40 
gm. of KOH, and refluxed for 30 minutes. The solution was 
cooled and the precipitated cholesterol filtered off and washed with 
alcohol. This procedure was repeated on two further portions 
yielding a total of 114 gm. from the three saponifications. This 
amount was then dissolved in 1.5 to 2 liters of aleohol, 10 gm. of 
carbon‘ were added, and the solution digested for several hours. 
The warm solution was filtered through a hot water funnel and the 
filtrate refrigerated. The precipitated cholesterol was filtered off, 
taken up in ether, and again filtered to remove the last traces of 
carbon, the ether evaporated off, and the cholesterol finally recrys- 
tallized from ethyl alcohol. The air-dried yield of beautifully 
white cholesterol was 90 gm., m.p. 148-149°. 

A quantity of this purified cholesterol was irradiated dry in the 
same manner as had been done with the crude cholesterol. When 
later assayed on rachitic rats, this preparation was found to be of 
an activity such that 0.5 mg. contained 1 rat unit. 

Our experience with this irradiated pure cholesterol when fed 
to chicks was a repetition of that obtained earlier with the irradi- 
ated crude cholesterol. In an experiment with white Leghorn 
chicks, details of which need not be presented here, levels of 10, 
20, and 30 mg. (equivalent to 20, 40, and 60 rat units) per 100 gm. 
of diet were fed and compared with, among other supplements, 10 
mg. of the irradiated crude cholesterol. The results showed ex- 
cellent growth and calcification brought about by all the levels of 
the irradiated purified cholesterol, indicating that this prepara- 
tion was equally as efficacious as the irradiated crude cholesterol. 

In a later experiment (Experiment 13, Table IV) this same prep- 
aration of irradiated pure cholesterol was included at levels equiv- 
alent to 10, 20, and 30 rat units and compared with other anti- 
rachitic supplements. In this experiment both basal Ration I and 
Ration II were used and it will be seen in Table IV (Groups 8, 9, 
10, and 17) that all these levels served excellently to protect the 
chicks against symptoms of leg weakness. Even on basal Ration 
II, 20 rat units of the irradiated pure cholesterol were as effective as 
the same number of units from cod liver oil and from an active 
fraction of the irradiated crude cholesterol, all three producing 
symptom-free birds (Groups 15, 16, and 17). 

* Acommercial product known as darco. 
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In addition to the purified cholesterol which we prepared as de- 
scribed above, we have also used commercial samples* of pure 
cholesterol and obtained similar results. 

Fractionation Experiments 

We have already described an experiment in which unirradiated 
crude cholesterol was added to solutions of irradiated ergosterol 
to see whether by so doing the effectiveness of the latter could be 
enhanced. Another attack on this same problem was made by 
dissolving a portion of the irradiated crude cholesterol in hot ethyl 
alcohol, allowing the solution to cool, and filtering off the precipi- 
tated cholesterol. We were guided to this procedure by the sug- 
gestive results of Rosenheim and Webster (2) and by the well 
known fact that the irradiation products of ergosterol are much 
more soluble in the common organic solvents than is the unchanged 
sterol. It seemed possible, therefore, that by simple crystalliza- 
tion of the irradiated cholesterol from ethyl alcohol the bulk of the 
cholesterol might be removed from the active fraction which, it was 
thought, might remain in the mother liquors. This, indeed, proved 
to be the case and we found that such filtrates possessed all the 
antirachitic activity while the precipitated cholesterol, if well 
washed, possessed no such activity. In some preparations we 
crystallized the activated cholesterol twice from alcohol and com- 
bined the filtrates. 

Our further procedure was to add corn oil to these mother liquors 
and then to distil off the aleohol under reduced pressure and so 
obtain an oil solution of the active fraction. Such a preparation 
was made from irradiated crude cholesterol and used as additions 
to Groups 5, 6, and 7 in Experiment 13 (Table IV). It is not to be 
thought that such preparations were entirely free from unchanged 
cholesterol since the filtrates contained a small amount in solution 
but it was relatively easy to remove more than 90 per cent of the 
cholesterol, showing again that it was not necessary to have the 
bulk of the cholesterol present to obtain the beneficial effects. 

This method of fractionating and removing the bulk of the 
cholesterol also offered us a means of determining whether the 
constituent in cholesterol capable of being activated might be 
composed of more than one substance. As already mentioned, it 


5 c.p. cholesterin, The Wilson Laboratories, Chicago. 
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was conceivable that, in addition to the known provitamin in 
cholesterol, which had been identified as ergosterol, there was a 
second substance which, when irradiated, was very effective for 
calcification in chicks. Might it not be that cholesterol itself, 
aside from any previously known contaminating provitamin, 
could give rise, when irradiated, to a vitamin-like substance needed 
by chicks? It is to be recalled in this connection that Bills, Honey- 
well, and MacNair (4) and Koch and his associates (5, 6) had 
previously entertained the possibility of the presence in cholesterol 
of more than one substance which could be activated. 

To investigate this point we proposed to irradiate repeatedly a 
sample of cholesterol, and to separate each time, in the above man- 
ner, the active fraction from the bulk of the cholesterol and use 
the recovered cholesterol for the succeeding irradiation. We 
reasoned that this procedure ought soon to exhaust the so called 
ergosterol contaminant since it was present in cholesterol in small 
amount and should be removed by the first irradiations. Our 
filtrate fractions from the first irradiations, therefore, should con- 
tain the antirachitic activity from the “ergosterol” provitamin, 
while fractions from later irradiations should contain only such 
substances as were produced by the activation of cholesterol itself. 
In the event that the latter substances were responsible for the 
effectiveness of irradiated cholesterol then the later fractions 
should be as potent as the first when fed to chicks. 

For the purposes of this experiment we used a commercial c.P. 
grade of cholesterol. This was irradiated in the manner we have 
already described, a total of nine portions, approximating 10 gm. 
each, being used. The whole of the irradiated cholesterol was 
then dissolved in about 600 cc. of hot ethyl alcohol and allowed to 
crystallize in the refrigerator. The precipitated cholesterol was 
filtered off, washed, and then allowed to air-dry. To the filtrate 
and washings corn oil was added and the alcohol distilled off under 
good vacuum and with the aid of a capillary delivering pyrogallol- 
washed nitrogen. The resulting oil solution was made up to a 
definite volume on the basis of the amount of cholesterol irradiated. 

This procedure was repeated a total of five times, the recovered 
cholesterol from the previous irradiation being used for the succeed- 
ing one. In each case the alcoholic mother liquors were concen- 
trated and made up in oil solution to a volume based on the amount 
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of cholesterol irradiated so that we finally obtained five such prep- 
arations which we referred to as the filtrate fractions. 

As was to be expected, when four of these filtrate fractions were 
later assayed on rachitic rats, the first showed by far the greatest 
activity. The first was found to contain 1 rat unit in an amount 
equivalent to 0.5 mg. of the cholesterol irradiated while the fifth 


TABLE II 
Summary of Part of Experiment 10 Showing Difference in Efficacy of First, 
Second, and Third Filtrate Fractions from Repeated Irradiation of Pure 
Cholesterol 


ight 
at 8 


Supplement to basal Ration I* 


at 8 wks. 
ash 


wks. 


Rat units per 100 
gm. ration 
Average we 


z 


Bone 


33 


First filtrate fraction (= Chicks healthy 
5 mg.) 

Same (= 10 mg.) 
“ (= 15 “ ) 

Second filtrate fraction 
(= 5 mg.) 

Same (= 10 mg.) 
“ (= 15 “ ) 

Third filtrate fraction 
(= 5 mg.) 

8 | Same (= 10 mg.) 

9 “ (= 1 “ ) 


Unsteady and staggering 


Some unsteady 
Marked leg weakness 


SHE 


Leg weakness evident 
6 unsteady 


* When this experiment was started our supply of chicks was limited; 
hence, no group was included which received the basal diet alone. All 
chicks were maintained on the basal ration 10 days before additions were 
made. 


produced no healing below what corresponded to 100 mg. For 
the assay of the second and third filtrate fractions only two litters 
of rats were available for each and the levels fed were too low. 
It can only be said that the second was inactive at what corre- 
sponded to 7.5 mg., while the third was inactive at what corre- 
sponded to 15 mg. 

With the knowledge that these various filtrate fractions possessed 
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greatly different potencies for rachitic rats, it remained to test 
them on growing chicks. In the first experiment in which these 
preparations were compared, it was possible to include only the 
first three and each was added at three levels, corresponding to 5, 
10, and 15 mg. per 100 gm. of chick diet. The results of this experi- 
ment, the details of which are presented in Table II, showed that 
only the first filtrate fraction was effective at all levels in promoting 
normal calcification. The three levels of this fraction (introducing 
10, 20, and 30 rat units per 100 gm. of diet) produced good sturdy 
symptom-free birds, while all the levels of the second and third 
fractions failed to protect completely against leg weakness. The 
relatively better response of Group 6 may be explained on the basis 
that possibly the supplement contained sufficient rat units (not 
more than 2) to bring about an effect with the basal ration used. 
These results, of course, indicated that the antirachitic activity of 
irradiated cholesterol for chicks was associated with the same sub- 
stance as was measured by rachitic rats and that apparently, 
cholesterol itself, as repeatedly irradiated in the manner described, 
did not continue to give rise to uniform amounts of antirachitic 
substances active for chicks. 

In a later experiment on chicks (Experiment 12, Table III) this 
phase of the work was again put to test. Here we compared the 
first and the fifth filtrate fractions, the first being added at the same 
three levels as before while the fifth was fed at two levels; these 
being equivalent to 15 and 50 mg. of the cholesterol irradiated per 
100 gm. of the chick diet. In addition, two other groups were 
included which received the above amounts of the fifth fraction 
to each of which had been added an oil solution of irradiated 
ergosterol in an amount sufficient to introduce 30 rat units. This 
was done to determine whether the fifth fraction contained any 
substance which might be supplementary to irradiated ergosterol 
and so enhance its effectiveness. 

Our data, as may be seen in Table III, showed no favorable in- 
fluence from the addition of the fifth filtrate fraction alone (Groups 
6 and 7); nor did the same amounts supplement 30 rat units of 
irradiated ergosterol to an extent sufficient to prevent leg weak- 
ness and low bone ash percentages (Groups 8 and 9). These results 
indicated to us that the repeated irradiation of cholesterol in 
the manner described did not continue to give rise to appreciable 
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amounts of antirachitic substances effective for chicks nor, ap- 
parently, any substance which had a supplementing effect on 
irradiated ergosterol. It seemed apparent, also, that the effective 
antirachitic activity was associated with the same substance as was 


TABLE III 
Summary of Experiment 12 Comparing Potency of First and Fifth Filtrate 
Fractions and of an Irradiated Mizture of Cholesterol and Ergosterol 


Aver 
n ne 
on ~ per 100 weight ash at Remarks 
ration | 8 wks 
gm. |per cent 
1 | None 351 | 34.0 | Almost all squat 
2 | 0.25percentcodliver | 10 | 712 | 44.2 | Condition very good 
oil 
3 | First filtrate fraction 10 | 614 | 43.3 | Good condition 
(= 5 mg.) 
4 | Same (= 10 mg.) 20 | 659 | 44.4 | Very good condition 
5 “« (=15 “ ) 30 | 626 | 44.3 
6 | Fifth filtrate fraction | <1 | 418 | 37.7 | More than half squat 
(= 15 mg.) 
7 | Same (= 50 mg.) <1 | 448 | 36.6 | 9 squat 
8 | Fifth filtrate fraction | 30 | 479 | 38.6/9 “ 


(= 15mg.) + irradi- 
ated ergosterol 
9 | Fifth filtrate fraction 30 | 479 | 38.6/6 “ 
(= 50 mg.) + irradi- 
ated ergosterol 
10 | Irradiated mixture of} 10 | 432 | 36.4;8 “ 


cholesterol and ergos- 

terol (95:5) 
11 | Same 30 | 422 | 37.0/8 “ 
12 90 | 536 | 36.8; 10 “ 


* All chicks were maintained on the basal ration for 2 weeks before sup- 
plements were added. 


measured by rachitic rats and was, therefore, the result of the 
activation of the already recognized provitamin of cholesterol. 


Experiments with Mixtures of Cholesterol and Ergosterol 


As has already been mentioned, one of our early theories, formu- 
lated to explain the favorable results with irradiated cholesterol, 
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was that a small amount of ergosterol in the presence of a large 
amount of cholesterol might undergo a different photochemical 
reaction than was the case when it was irradiated by itself. This, 
we reasoned, might be due to the cholesterol filtering out or, at 
least, reducing the effect of certain wave-lengths of the ultra-violet 
on ergosterol, or that the cholesterol interacted in some way with 
the ergosterol or its transformation products to yield a different 
antirachitically active substance than when cholesterol was not 
present. Consequently, the idea of testing irradiated mixtures 
of cholesterol and ergosterol suggested itself. 

Believing, as we did at that time, that the provitamin of choles- 
terol had been definitely identified as ergosterol, we considered 
this theory very plausible and, the possible advantages of activat- 
ing ergosterol in this way being fully appreciated, we chose as our 
first mixture one containing 95 per cent cholesterol and 5 per cent 
ergosterol. The cholesterol used was from the supply which we had 
prepared ourselves by purifying the crude product; the ergosterol 
used was of high purity (m.p. 163°) prepared in this laboratory 
from fungus origin. The two sterols were dissolved together in 
ether, the ether evaporated off, and the dry mixture irradiated for 
1 hour in the manner previously described. 

In the first testing of this preparation the chicks became available 
before it had been assayed on rats so that we had no accurate basis 
for the choice of levels. The levels chosen (2, 6, 10, and 30 mg. 
per 100 gm. of diet) were later found to be much too high to indicate 
whether the antirachitic activity was of the irradiated cholesterol 
type or the irradiated ergosterol type. Actually, it was shown 
that the lowest level introduced approximately 400 rat units which 
with our basal ration (basal Ration I) was sufficient to prevent leg 
weakness even when irradiated ergosterol was used. As a conse- 
quence all of the four groups showed good calcification with no 
symptoms of leg weakness. 

Later, after rat assays had been completed, this preparation was 
tested again on chicks but at levels which introduced 10, 30, and 90 
rat units per 100 gm. of diet. As may be seen in Table III (Groups 
10, 11, and 12) even the highest level did not serve to prevent leg 
weakness, the response being the same as when, in similar cases, 
we fed irradiated ergosterol. These results indicated that the 
presence of the cholesterol had not apparently influenced the type 
of activity produced by ultra-violet light acting on the ergosterol. 
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Because in the above preparation we had used a great excess of 
ergosterol as compared with the amount of provitamin which is 
normally present in cholesterol, we realized that possibly this had 
prevented the cholesterol from bringing about its full effect. Con- 
sequently, in setting out to repeat this experiment, we decided we 
would mix them more nearly in the proportion in which they pre- 
sumably occurred in the animal body. Further, since we had in 
our hands a cholesterol preparation which had been rendered prac- 
tically provitamin-free by repeated irradiation, we chose this as the 
sample to be mixed with ergosterol. The cholesterol to which 
we refer was that which had been recovered from the fifth irradiation 
in the preparation of the five filtrate fractions already described. 
In other words, having largely removed the provitamin (presumably 
ergosterol), we now proposed to restore it to this sample of choles- 
terol. 

To 10 gm. of the provitamin-low cholesterol was added an ether 
solution carrying 10 mg. of pure ergosterol. More ether was added 
to bring all the cholesterol into solution, the ether then evaporated 
away, and thesterol mixture scraped from the beaker, and powdered. 
The final traces of ether were dissipated by allowing the prepara- 
tion to stand overnight at room temperature. 

This mixture, containing approximately 0.1 per cent ergosterol, 
was activated under the mercury vapor lamp in the manner already 
described, the time of irradiation being 1 hour with stirring every 
15 minutes. After irradiation the mixture was twice crystallized 
from 90 ce. of ethyl alcohol in order to remove thoroughly the acti- 
vated fraction and the combined mother liquors were concentrated 
under vacuum and made up in corn oil to a definite volume. When 
this oil solution was carefully assayed on rachitic rats, it was found 
that what corresponded to 0.75 mg. of the mixed sterols pro- 
duced healing equivalent to 1 rat unit. 

Later, when tested on chicks, it was introduced at levels of -10 
and 20 rat units per 100 gm. of diet and was found to be ineffective 
at both levels in protecting against leg weakness (Groups 11 and 
12,TableIV). Although higher levels were not fed it was apparent 
that it was not nearly so efficient as an equal number of rat units 
from the activation of the provitamin naturally occurring in cho- 
lesterol. 

While in neither of the two irradiated mixtures of cholesterol and 
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Summary of Part of Experiment 13 Comparing Efficacy of Various Supple- 


ments Which Included Irradiated Mixture of Cholesterol and Ergosterol 


17 


= 
Diet and supplement* 3 # 4 4 Bone ash at 8 wks. Remarks 
ge 
gis 
gm. per cent 
Basal Ration I 0)350) 36.1 Almost all squat 
Same + 0.25 per cent | 10/642) 43.0 Excellent 
cod liver oil 
Same + irradiated | 30/353) 36.1 12 squat 
ergosterol 
Same as for Group 3 90/485) 39.7 ss 
“ + filtrate from | 10/655) 45.9 Excellent 
irradiated crude cho- 
lesterol 
Same as for Group 5 20/617) 43.1 Condition very good 
§ 30/755) 44.7 Excellent 
“ + irradiated pure| 10/612) 43.7 Condition very good 
cholesterol 
Same as for Group 8 20/565) 43.6 
30/614) 42.6 Excellent 
“ + filtrate of irra-| 10/510) 40.4 4 squat 
diated cholesterol + 
0.1 per cent ergosterol 
Same as for Group 11 | 20/421) 37.6 -_.* 
Basal Ration II 0|227| 30.7 (D.) (6)t| All squat 
33.6 (L.) (8) 
Same + 0.5 per cent cod | 20/534) 40.5 Condition good 
liver oil 
Same + filtrate from | 20/618) 42.5 . very good 
irradiated crude cho- 
lesterol 
Same + irradiated pure | 20/566) 41.6 ” good 
cholesterol 


* All chicks in this experiment were maintained on basal Ration I for 2 
weeks, additions then being made as noted. Groups 14 to 17 were changed 
to basal Ration II at the same time. 


| . + Bones were removed from six chicks which died (D.) during the last 
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week of the experiment and were kept in a separate group. The eight re- 
maining (L.) at the end of the experiment were grouped and the ash was 
determined separately. 
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ergosterol which we have described was evidence found that the 
antirachitic factor had been rendered more efficient than that from 
irradiated ergosterol itself, we, nevertheless, decided on a further 
attempt in this direction. Since Koch, Koch, and Ragins (5) had 
shown that heating cholesterol under certain conditions produced 
changes suggesting an increase of provitamin, it was thought that 
heating mixtures of cholesterol and ergosterol might bring about 
changes in the ergosterol which would render it more like the na- 
tural contaminant in cholesterol. Consequently, we prepared two 
mixtures of cholesterol and ergosterol in the proportion of 95 per 
cent of the former and 5 per cent of the latter and heated them in 
the following manner. 

To 4.75 gm. of a commercial c.p. cholesterol in a small Erlen- 
meyer flask was added 0.25 gm. of pure ergosterol. The two sterols 
were stirred and mixed and then the flask closed with a rubber 
stopper carrying inlet and outlet tubes. The flask was then evacu- 
ated twice, the vacuum being broken each time with pyrogallol- 
washed nitrogen. The outlet and inlet tubes were then closed and 
the flask lowered into an oil bath heated to 190°. Heating at this 
temperature was continued for 2 hours when the flask was removed 
and the contents allowed to cool. Later the solidified melt was 
scraped from the flask and powdered with a spatula. The sterol 
mixture was then irradiated in the dry condition for 1 hour in the 
usual manner. After irradiation it was crystallized twice from 
50 ee. of ethyl alcohol, the combined mother liquors concentrated, 
and the vitamin made up in oil solution such that 1 ce. represented 
50 mg. of the irradiated mixture. 

A second preparation was carried out in exactly the same way 
except that the heating was continued for 4 hours. 

These two preparations were then carefully assayed on rachitic 
rats and found to contain 1 rat unit in amounts equivalent to 0.011 
mg. and 0.02 mg. respectively of the irradiated mixture. Follow- 
ing this, steps were taken to assay these two mixtures on baby 
chicks. 

In Table V we present the detailed data of this experiment; and 
there our plan and results may be observed. We fed the two irra- 
diated heated mixtures in amounts corresponding to 10, 30, 90, and 
270 rat units per 100 gm. of diet and compared these amounts with 
two levels of cod liver oil (10 and 20 rat units) and three levels of 
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TABLE V 
Summary of Part of Experiment 15 Comparing Efficacy of Irradiated Ergos- 
terol, Two Heated and Irradiated Mixtures of Cholesterol and Ergosterol, 
and a Fraction of Irradiated Crude Cholesterol 


No. of 
gs chicks 3 
| Supplement to basal Ration II Remarks 
gm per cent 
1; None 0/135) 16) 4/28.6 (13)} All survivors squat 
2) 0.25 per cent cod liver | 10/428) 16) 15/41.6 Slight unsteadiness 
oil in few 
3) 0.5 per cent cod liver oil | 20/410) 15) 15/41.4 Healthy 
4 Irradiated ergosterol | 30/164) 15) 10)30.4 (15)| All except 3 squat 
5) Same 90/209) 15) 13)31.6 (14)} About of group 
I squat 
ees 15) 13/37.2 (14)| 4 unsteady, 1 squats 
7| Filtrate irradiated, | 10 5/28.7 (9) | All survivors squat 


140 
heated (2 hrs.) mix- 
ture cholesterol + 


ergosterol 
8| Same 30/175} 15) 4/27.1 (13)| “ 
90/195) 15) 14/30.5 “ but 3 squat 
10) “ 270/389} 15) 15)35.6 4 or 5 unsteady 
11| Filtrate irradiated, 10/134) 14) 5/28.9 (12)| All survivors squat 


heated (4 hrs.) mix- 
ture cholesterol + 


ergosterol 
12) Same 30/194) 15) 10/30.3 (15); Almost all squat 
13)“ 90/239) 15) 14/33.1 (15)| About half “ 
14, “ 270)432| 15] 15)39.6 Slight unsteadiness 


in few 
18| Filtratefromirradiated | 2|175) 15) 13/30.9 (15)| All squat 
crude cholesterol 


19 Same 5/361) 15) 15/40.2 Slight unsteadiness 
in few 
10/391) 15) 15/41.1 


* Since most of the fatalities occurred during the last 10 days of the 
experiment, bones were removed from those chicks that died in that time 
and included with the bones from the survivors in determining percentage 
bone ash. Figures in parentheses indicate number of bones used. Where 
there are no parentheses surviving chicks contributed all bones. 
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irradiated ergosterol (30, 90, and 270 rat units). We also included 
in this trial three levels (2, 5, and 10 rat units) of the filtrate fraction 
from irradiated crude cholesterol as a comparison substance and 
because we had never fully determined the minimum effective level 
of this preparation (this was the same preparation as fed to Groups 
5, 6, 7, Table 1V). Basal Ration II was used throughout this 
experiment which extended over 6 weeks. 

The results which we secured can be seen to show unequivocally 
that ergosterol heated and irradiated in the presence of cholesterol 
did not produce any more effective vitamin than that from ergos- 
terol irradiated alone. An amount equivalent to 270 rat units 
of either of the heated and irradiated mixtures or of irradiated er- 
gosterol itself did not serve to protect completely against the 
development of leg weakness. This quantity of the irradiated 
mixtures, particularly that heated 4 hours, undoubtedly contained 
an appreciable amount of activity referrable to the irradiation 
of the cholesterol itself which may explain the relatively better 
performance of Group 14. All the lower levels of the supplements 
containing ergosterol were decidedly ineffective. Contrasted with 
this performance it can be observed that both cod liver oil and 
irradiated crude cholesterol were remarkably efficient. It is to be 
noted that under the severe régime of basal Ration II 10 rat units 
per 100 gm. of ration of the effective supplements were close to, or 
below, the minimum required for complete protection. The 
efficacy of the factor from irradiated crude cholesterol was particu- 
larly brought out by this experiment, as small an amount as 5 rat 
units affording remarkable protection. 

On the basis of the above results, together with our earlier data 
on irradiated mixtures of cholesterol and ergosterol, it will be evident 
that ergosterol did not behave as did the provitamin naturally 
present in cholesterol. 


DISCUSSION 


To summarize briefly the results which have been presented, 
it may be said that they show convincingly that irradiated cho- 
lesterol possesses a substance which is much more effective in the 
prevention of rachitic manifestations in chicks than is an equiv- 
alent number of rat units of irradiated ergosterol. This sub- 
stance is at least as effective as the vitamin D of cod liver oil. Our 
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results also show that the increased effectiveness cannot be ex- 
plained by the presence of other or supplementary factors hitherto 
unrecognized but that the high efficiency is, apparently, a prop- 
erty of the already well known provitamin. Further, we have 
found that when ergosterol is mixed with cholesterol and irradiated 
it does not yield an antirachitic substance of greater potency than 
when irradiated alone. In view of these findings it seems apparent 
that the provitamin of cholesterol cannot be identical with ergosterol. 

The importance of such a conclusion will be at once obvious for 
it is directly opposed to the widely held belief regarding ergosterol 
as the main provitamin of the animal body, which has been the 
basis of all the modern developments in this field. However, since 
our results have been at hand for some time, we have had an op- 
portunity to reflect upon and weigh them in the light of past work. 
We feel that, not only may the evidence on which this belief is 
based be reinterpreted so as to bring it into closer agreement with 
our conclusion, but also that our results may offer an explanation 
of many hitherto anomalous observations and to that extent receive 
confirmation. 

A detailed discussion of the evidence which has been adduced in 
establishing the identity of ergosterol as the provitamin of cho- 
lesterol would extend far beyond the limits of this paper and, 
further, would appear unnecessary since it has been the subject of 
many reviews. Loofbourow (28), in particular, has critically and 
extensively considered the data and the methods and reasoning 
followed. It may be said that these data showed unmistakably 
a great similarity between the two substances as indicated by their 
absorption spectra in the ultra-violet region, and by their reaction 
to treatment with ultra-violet light and chemical agents. This, 
together with the fact that pure ergosterol showed such remarkably 
high potency when irradiated, naturally offered excellent presump- 
tive evidence that the two substances were identical. However, 
in view of our more direct evidence to the contrary, it would seem 
that this work must now be interpreted on the basis that they are 
remarkably similar but not identical. 

In connection with the work just discussed it is to be recalled 
that Bills, Honeywell, and MacNair (4) and Koch and his associates 
(5, 6), while accepting ergosterol as the main provitamin of cho- 
lesterol, offered evidence that it did not account for all the activity 
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of their irradiated samples, and to this extent directed attention toa 
difference between these two sources of vitamin D activity. From 
the view-point presented in this paper it will be apparent that their 
results, and others which we shall mention, are more easily under- 
stood and take on an added significance. 

If the provitamin constituent naturally present in cholesterol is 
not to be regarded as ergosterol, there is no evidence available to 
show that the latter substance is normally present to any extent 
in the animal body. The non-absorbability of ergosterol by ani- 
mals, which has been observed by Schénheimer and his associates 
(21) and by Beumer and Hepner (25), may now be understood on this 
basis. Schénheimer in his excellent review (19) has pointed out 
that plant sterols in general are poorly, if at all, absorbed from the 
digestive tract; and the weight of the evidence would indicate that 
ergosterol is no exception to this rule. The apparent slight ab- 
sorption of ergosterol by laying hens, as observed by Schénheimer 
and Dam (22), and by Menschick and Page (23), would indicate, 
however, that this point requires further investigation. A dis- 
tinct difference between plant and animal sources of the provitamin 
is, nevertheless, suggested. 

While our results show that irradiated cholesterol is as potent 
as the vitamin D of cod liver oil in preventing leg weakness in 
chicks, we have no further evidence that the two factors are the 
same. It is significant, however, that both are of animal origin 
and that the active factor of fish oils is always found associated 
with cholesterol. Steenbock, Kletzien, and Halpin (9) have con- 
cluded that the vitamin D of cod liver oil is a different substance 
from irradiated ergosterol; and it is of interest to note in this con- 
nection that Hess, Bills, Weinstock, and Imboden (29) found no 
evidence that in the cod ergosterol could be activated when it 
was fed or injected intramuscularly. 

The reports of clinical experience with irradiated cholesterol, 
carried out mainly before ergosterol became available, are not 
without interest in view of our favorable results with baby chicks. 
In 1927 Hess (30) reported that both an olive oil suspension of 
irradiated cholesterol and an irradiated dried brain preparation 
brought about rapid calcification in rachitic infants. In com- 
menting on his own results and those of others which he reviewed, 
Hess stated, ‘It will be seen that a considerable literature has 
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already developed in relation to this subject, and that opinions are 
unanimous as to the antirachitic efficacy of irradiated cholesterol.”’ 
It is not possible, however, to determine the dosage which was fed 
in terms of present day units and, therefore, no quantitative com- 
parison as to the efficacy of this supplement may be made. 

Redman in 1929 (31), in studying the hydrogen ion concentra- 
tion and the calcium and phosphorus content of the feces of rachitic 
children receiving various antirachitic supplements, among which 
were cod liver oil, irradiated ergosterol, and irradiated cholesterol, 
noted that, ‘“The best clinical results were obtained by the use of 
irradiated cholesterol. ..’’ No data, however, were given as to the 
amount of the various supplements fed; and since only two infants 
received irradiated cholesterol, it is again impossible to obtain 
quantitative comparisons. In view of the great similarity in sensi- 
tivity to lack of vitamin D exhibited by infants and baby chicks, 
it is to be expected that irradiated cholesterol will possess a high 
clinical potency and the above observations are significant It 
will be of interest to await further clinical tests of irradiated 
cholesterol. 

The value of irradiated milk, either fluid or dry, in the prophy- 
laxis and cure of infantile rickets has been well recognized in the 
past and the more recent comparisons (18) of this supplement with 
others have further emphasized its merit. This high potency may 
now be understood on the basis that it contains the activated pro- 
vitamin present in cholesterol. However, it has been found that 
milk enriched by the feeding of irradiated supplements to cows 
also has a very high clinical efficacy and this situation is more dif- 
ficult to understand. While the evidence is neither extensive nor 
conclusive, it would seem that the milk produced by cows receiving 
irradiated ergosterol or irradiated yeast contains the same type of 
vitamin as that fed to the cows and that it has been little, if at all, 
changed in character by its passage through the cow. Thus, 
Krauss, Bethke, and Monroe (32) have assayed on both rats and 
chicks the butter fat from cows fed irradiated ergosterol. While 
the highest amount of this supplement which they fed to chicks 
was 12.5 rat units per 100 gm. of ration, this amount did not 
produce as high a bone ash percentage as did 3.3 rat units from cod 
liver oil. The nature of the vitamin in butter fat from cows fed 
irradiated ergosterol has also been investigated in our laboratory 
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(unpublished data) and, while the results are not extensive, they 
show that the factor was not as efficacious for chicks as that from 
cod liver oil. McDonald and Massengale (33) have found that the 
laying hen, when fed massive doses of irradiated ergosterol, deposits 
in the egg yolk an antirachitic factor much less potent for chicks 
than cod liver oil. In view of the relative inefficiency of irradiated 
yeast and irradiated ergosterol it remains to be shown what other 
factors are operating to render milks, activated by feeding these 
supplements to the cow, so potent clinically. It is not excluded, 
of course, that the ingestion by infants of any of the vitamin D 
factors uniformly distributed throughout milk may possess virtues 
still not understood but which may be explained, for the moment, 
on the assumption of better absorption, ete. It must also be 
considered that, while the clinical evidence is ample to show quali- 
tatively the usefulness of these various vitamin D-rich milks, one 
may question whether the data are sufficiently extensive to justify 
the quantitative interpretations which have been drawn from them. 
This criticism is pertinent in view of the difficulty in showing small 
differences by animal experimentation which is susceptible to much 
greater control than clinical experiments. This may explain the 
placing of cod liver oil below the activated milks when arranged 
in order of their efficacy for infants. 

It will be understood that, in establishing a difference between 
ergosterol and the provitamin of cholesterol, a vast number of 
problems are immediately suggested for investigation. One of 
these concerns the origin of the provitamin and its relation to cho- 
lesterol and the sterol metabolism of the body. This is a question 
on which we prefer to postpone discussion but to which we hope 
soon to return. It will also be obvious that, before satisfactory 
answers are obtained to many of the questions raised by the above 
discussion, the cooperation of many laboratories will be necessary. 
It is for this reason and to direct the efforts of other workers along 
the lines suggested by our results that this paper has been pre- 
sented. 


SUMMARY 


1. Evidence is presented to show that irradiated cholesterol is 
much more efficacious in preventing rachitic manifestations in 
chicks than is an equivalent number of units of irradiated ergos- 
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terol. The antirachitic factor of irradiated cholesterol is as potent 
for chicks as the vitamin D of cod liver oil. 

2. It is shown that this high potency is a property of the activated 
provitamin already well recognized and previously identified as 
ergosterol, and that it is not to be explained on the assumption that 
other substances are present which may be activated. 

3. Pure ergosterol, mixed with cholesterol and irradiated, does 
not give rise to an antirachitic factor more efficacious than ergos- 
terol irradiated alone. 

4. It is, therefore, concluded that the provitamin constituent 
of cholesterol is a substance different from ergosterol, a conclusion 
not in agreement with the widely held belief that ergosterol is the 
main precursor of vitamin D activity in the body. 

5. The significance of these findings in interpreting many past 
results and suggesting further investigations is briefly discussed. 


It is a pleasure to acknowledge our gratitude to Dr. A. Zimmerli, 
formerly of this company, for stimulation and encouragement in 
the early stages of this work, to Mr. W. H. Allen for valuable sug- 
gestions as to the hatching and brooding of baby chicks, and to 
Dr. E. H. Killheffer, president of this company, for permission to 
publish these results. 


Addendum—Since the above manuscript was written we have seen the 
publications by Remesow (34) in which he puts forward the view, on the 
basis of studies on the physical and chemical properties of cholesterol, that 
it is capable of existing in a keto and an enol form and that the keto form 
may be regarded as vitamin D. He believes that the keto form is formed by 
the action of ultra-violet light from the enol form. He further concludes 
that the provitamin of cholesterol is not identical with ergosterol. While 
it would appear that this author’s data are hardly sufficient to establish 
his views, it is of interest to note his conclusion with regard to the identity 
of the provitamin of cholesterol in view of our more definite results. 
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SPECTROPHOTOMETRIC CHARACTERISTICS OF 
HEMOGLOBINS 


I. BEEF BLOOD AND MUSCLE HEMOGLOBINS* + 


By JOHN H. SHENK, J. LOWE HALL, ann H. H. KING 
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Applied Science, Manhattan) 


PuaTE 1 
(Received for publication, April 23, 1934) 


In connection with extensive investigations of meat, it became 
desirable to include in the color studies quantitative determina- 
tions of blood and muscle hemoglobins in beef muscle tissue. We 
wished to know how importantly residual blood might affect the 
color of lean meat, and to what extent management and excitement 
previous to slaughter and delayed bleeding at slaughter might 
affect the quantity of residual blood; also, what effect pasture feed- 
ing of beef animals, either grass alone, or with grain supplement, 
might have on the quantity of muscle hemoglobin developed in the 
muscle tissue. In the mind of the buyer, the intensity of the red 
color of lean beef is naturally associated with the age of the animal, 
leading to a discrimination against deep red beef. It has been 
shown by Whipple (1) that exercise is also a factor in the develop- 
ment of muscle hemoglobin. Consequently, ranging animals 
might be expected to develop more muscle hemoglobin and a more 
intensely colored lean than animals confined in a dry lot, without 
showing any appreciable differences in other factors affecting 
quality. 

* Contribution No.-181, Department of Chemistry. 

+ This investigation has been a part of an Agricultural Experiment 
Station project, ‘‘Meat investigations,’ involving the cooperation of the 
Departments of Animal Husbandry, Home Economics, and Chemistry. 
The authors acknowledge the valuable assistance of Professor D. L. Mack- 
intosh of the Department of Animal Husbandry, who superintended the 
slaughter and management of the beef carcass. Appreciation is expressed 
to Dr. J. H. Burt of the Division of Veterinary Medicine, who performed the 
perfusion operation in preparing blood-free muscle tissue. 
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It is well known that there are two red pigments in muscle, but 
so far no method has been given for the determination of the rela- 
tive amounts of the two in a mixture. These two pigments, mus- 
cle and blood hemoglobin, have absorption bands in the visible 
portion of the spectrum which are similar, but differ slightly in 
position. The purpose of this investigation was to make a spectro- 
photometric study of the two red pigments found in blood and 
muscle. In making this study it was proposed to determine the 
points of maximum and minimum absorption of light, with the 
ratios of the densities at these points, and from this information to 
devise, if possible, a method for determination of the relative 
amounts of these pigments in a sample of meat. 

_ Morner (2) as a result of his spectroscopic observations was the 

first to call attention to the fact that the a absorption band of 
muscle pigment did not occur at the same wave-length as for 
blood but was shifted 5 my toward the red end of the spectrum. 
The work of Morner was confirmed by Gunther (3), who suggests 
that the pigment fractions of muscle and blood hemoglobin are 
identical but that the globin fractions are different. 

The most recent observations are those of Kennedy and Whipple 
(4). These investigators used the spectrophotometer for their 
determinations and studied the color of solutions extracted from 
chopped red muscle by dilute ammonia. Their results agree with 
previous observations as to the position of the bands. 

Very conclusive proof of the distinction between the two hemo- 
globins was presented by Hektoen, Robscheit-Robbins, and Whip- 
ple (5). A specific precipitin reaction for dog muscle hemoglobin 
was prepared which differentiates it sharply from the blood hemo- 
globin of the dog. It is significant that the two substances behave 
differently on introduction into the blood stream. These experi- 
ments give added evidence that muscle hemoglobin is quite 
distinct biologically from blood hemoglobin. The precipitin reac- 
tion also indicates that the difference may be in the globin fraction. 


Methods 


Perfusion of Animal—The animal used for this work was a 
yearling Hereford steer in excellent condition weighing about 670 
pounds. The animal was thrown on its left side and shackled. 
An incision was made in the right side of the neck exposing the 
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jugular vein and the carotid artery. A cannula was inserted into 
the carotid artery in such a manner that blood could be withdrawn 
at will. The animal was bled at a moderate rate from this artery 
until it had lost about one-fifth of its blood. 

In order to prolong life and permit the heart to pump out a 
major portion of the circulating blood cells and also to dilute the 
blood, a sterile saline solution (0.85 per cent NaCl and 0.1 per cent 
CaCl,-6H,O) was injected by gravity into the vascular system 
through a T-tube inserted into the jugular vein. The fluid was 
injected at a rate approximately equal to that at which the blood 
was withdrawn from the artery. The heart action ceased after 
this exchange of saline for blood had been continued for about 10 
minutes. In order to wash from the vascular system as com- 
pletely as possible the remaining traces of blood, the inflow can- 
nula was changed to the carotid artery and the solution was 
allowed to flow into the arterial system. Perfusion was continued 
until the fluid flowing from the jugular vein was practically color- 
less. This required approximately 21 gallons of solution. The 
animal was immediately opened, the paunch removed, and the 
right hind quarter further perfused. The cannula was inserted 
into the femoral artery, the liquid escaping from the femoral vein. 
About 9 gallons of saline solution were used. During the per- 
fusion, the inflow of saline was occasionally interrupted for a 
number of seconds because Larson and Bell (6) have shown that 
intermittent perfusion is more efficient in washing blood cells out 
of the vascular system than a continuous flow. The first liquid 
that escaped from this quarter was quite red but after a few min- 
utes the solution came through clear and colorless. This proce- 
dure was continued until only a very slight trace of color could be 
noticed. To aid further in adequately washing out the smaller 
vessels, the hind quarter was thoroughly massaged and flexed 
during perfusion. 

The carcass was allowed to hang in the cooler at about 0° for 
2 days, after which it was cut up and a portion of the round re- 
moved from the right hind quarter. All visible fat was removed, 
after which the muscle was ground and 100 gm. portions put into 
small sample bottles. These were kept in a refrigerating room at 
an average temperature of —24.4° until wanted. 

Preparation of Muscle Hemoglobin Solution—100 gm. portions 
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of meat were removed from the refrigerating room and allowed to 
thaw out in an electric refrigerator until the meat could be cut 
out with little difficulty. This was placed with 250 cc. of ice water 
into a previously cooled pebble mill and run for 1} hours, the jar 
being kept cold with an ice bag in warm weather or outdoors in near 
freezing weather. At the end of this time, the meat had been 
thoroughly macerated and the muscle hemoglobin extracted. 
Later it was found that the hemoglobins could be completely 
extracted by beating the meat and water mixture in a wide 
mouthed bottle with a malted milk mixer for 10 minutes. This 
mixture was centrifuged and then filtered through a linen cloth to 
remove the solid fat. To each 100 cc. of this solution 0.1 gm. of 
solid sodium carbonate was added. The solution was very turbid. 
To clarify it and remove the muscle proteins, aluminum hydroxide 
was added and the solution shaken vigorously for 10 minutes, after 
which it was filtered in the refrigerator: It was necessary to re- 
peat this treatment before the solution was bright red in color 
and quite free from colloidal material. Only a very small amount 
of the muscle hemoglobin was removed by the aluminum hydroxide. 

Preparation of Blood Hemoglobin Solution—Bovine blood was 
centrifuged, the plasma taken off, and the red cells were washed 
and centrifuged with saline solution (0.85 per cent NaCl and 0.1 
per cent CaCl,-6H,O) several times until the supernatant liquid 
was clear and colorless. The red cells were laked with 0.1 per cent 
sodium carbonate solution and made up to volume. Aluminum 
hydroxide was added and shaken vigorously for 10 minutes. 
This gave a solution that was clear and free from colloidal material. 
Marshall and Welker (7) state that aluminum hydroxide removes 
coHoidal material quantitatively and that blood oxyhemoglobin is 
the only protein of blood that is not removed by it. However, 
quite a noticeable amount of blood oxyhemoglobin is removed by 
aluminum hydroxide. The precipitate retained on the filter 
paper is highly colored with this pigment. 

Preparation of Solutions for Colorimetric and Spectrographic 
Analysis—The acid hematin solutions for colorimetric comparison 
were prepared by adding an equal volume of 0.2 N HCI to the 0.1 
per cent sodium carbonate solution of the hemoglobins and allow- 
ing to stand for 1 hour. Newcomer (8) reports that the acid 
hematin color does not reach its full density until 24 hours have 
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passed but that it develops rather rapidly at first and has reached 
99 per cent of its full intensity at the end of 40 minutes. 

For the spectrographic analysis of the acid hematin and the 
globin fractions separately, the solutions were made. by adding 
one-half as much glacial acetic acid and an equal volume of ether 
to the 0.1 per cent sodium carbonate solutions. This separated 
into two layers and the fractions were drawn off from a separatory 
funnel, the acid hematin in the ether layer. 


ISL Log 


Wave-length in my 
500 520 540 560 980 600 


Cuartl. Absorption curves for blood and muscle hemoglobins. Curve 
A muscle hemoglobin, Curve B blood hemoglobin of same concentration 
as in Curve A, Curve C blood hemoglobin of same optical density as in 
Curve A. 


0.0 


Spectrophotometric Measurements—The Bausch and Lomb 
universal spectrophotometric outfit (consisting of constant devia- 
tion spectrometer, reversible polarizing photometer, and vertical 
specimen holders for liquids, all mounted on a one piece cast iron 
base) was calibrated against sodium, lithium, and the principal 
mercury arc lines. When set on the yellow sodium lines, the wave- 
length drum registered a maximum deviation of 0.3 my at the 
extremities of the visible spectrum. Further check was made on 
the photometric unit by Bureau of Standards (9) data on amaranth 
dye (Shultz and Julius 107). The point of maximum absorp- 
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tion was found at 520.8 mu which checked within 0.2 my of the 
point found by the Bureau of Standards. 

Spectrophotometric determinations of the optical density for 
the entire range of the visible spectrum were made. Curves A 
and C on Chart 1 are the absorption curves for muscle and blood 
hemoglobin in 0.1 per cent sodium carbonate solution when the 
light absorbed by them is practically the same. Curve B is the 
absorption curve for a blood hemoglobin solution, the concentra- 
tion of which is equal to that of the muscle hemoglobin solution 
used in obtaining Curve A. The curves are very similar except 
that the curve for muscle hemoglobin is shifted toward the red 
end. Also, less light is absorbed by blood hemoglobin at 510 mu. 
Obviously there are three important points in these absorption 
curves; the maximum in the green, the maximum in the yellow, 
and the minimum between these maxima. These may be taken 
as reference points at which optical constants can be determined 
with greatest accuracy. 

The points of maximum absorption for blood hemoglobin were 
found to oceur at 577 my, and 542 mu, the minimum at 562 mu as 
compared to the corresponding values for muscle hemoglobin 582 
mu, 543 my, and 564 mp. At least fifteen solutions of each hemo- 
globin were used in determining the position of these points. 

It was found that muscle and blood hemoglobin solutions could 
not be compared directly in the colorimeter satisfactorily, because 
the two colors differ slightly in hue. Therefore, solutions of equal 
concentration were made on the basis of acid hematin colorimetric 
standardizations. ‘There is no noticeable difference in the color of 
the two acid hematin derivatives and comparison could be made 
quite accurately. The two hemoglobin solutions of equivalent 
concentration made up by this method did not show the same 
power of absorption (Chart I, Curves A and B). 

The ratio of the densities of the maximum in the green to the 
minimum has been used to identify blood oxyhemoglobin but no 
mention of ratios including the maximum in the yellow was found. 
Table I gives the ratios of the densities of these three points 
already mentioned and also the ratio of the maximum in the yellow 
to the density at the point where the maximum for muscle hemo- 
globin occurs (577:582 my). It was found that all of these ratios 
were quite constant. Also the ratio of the two maxima is more 
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constant than that used to identify this ‘pigment, namely the ratio 
of the densities at the maximum in the green and the minimum, 
given by Kennedy (10) as 1.63, which agrees very well with the 
results obtained. Ratios of the corresponding points for muscle 
hemoglobin are very little different from the values for blood 
hemoglobin at corresponding points, except the ratio of the two 
maxima which is significantly different for the two hemoglobins. 
Since there is a difference of 5 mu between the points of maximum 
absorption of yellow light, and also considerable difference between 
the amount of light absorbed by the two hemoglobins at equal 
concentration, it was decided to use this ratio in an attempt to 
determine the relative percentage of the two hemoglobins in a 
mixture. 


TaBLe I 
Ratios of Optical Densities at Critical Spectral Points 


542:562 | 577:542 | 577:562 | 577:582 
Blood Hb Average of 5samples | 1.632 | 1.053 | 1.700 | 1.230 
Mean difference 0.017 | 0.008 | 0.020 | 0.009 

543:564 582: 543 582:564 577:582 
Muscle Hb Average of 5 samples | 1.648 | 1.019 | 1.686 | 0.884 
- Mean difference 0.034 | 0.011 | 0.047 | 0.006 


From solutions of equal concentration of blood and muscle 
hemoglobin in 0.1 per cent sodium carbonate, mixtures were made 
at intervals of 20 per cent from pure blood hemoglobin to pure 
muscle hemoglobin. The optical density of the solution at 577 mu 
and 582 mu was determined and the ratio calculated. The aver- 
aged results of five runs plotted against per cent hemoglobin give 
practically a straight line, as shown in Chart 2. For pure blood 
hemoglobin, this ratio was found to be 1.230, but a sample of whole 
blood diluted with 0.1 per cent sodium carbonate solution gave the 
ratio 1.072, probably owing to a pigment in the plasma. This 
linear relation affords a simple means to determine the relative 
per cent of muscle and blood hemoglobin in a solution. The per 
cent of total hemoglobin may be obtained by a determination of 
the acid hematin or by determining the density at 542 my and 
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using the absorption factors of the two hemoglobins as described 
below. 

As previously mentioned, when the two hemoglobins were made 
up to the same concentration on the basis of acid hematin stand- 
ardizations, they did not show the same optical absorption in the 
maximum at 542 my. Blood hemoglobin is the more strongly 
absorptive, as isdemonstrated in Chart1. In order to determine 
the absorption factor for muscle hemoglobin, solutions of it were 
standardized against blood hemoglobin by means of colorimetric 
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08 Relative Per Cent Hemoglobins 
vod100 80 40 
0 0 60 89 100 


Cuart2. Absorption ratios of hemoglobin mixtures. Ratios of optical 


densities at 577 mu to densities at 582 my of a series of prepared mixtures of 
blood and muscle hemoglobins. 


comparisons of the acid hematin derivatives. From the ratio of 
the optical densities of the two hemoglobin solutions at 542 my and 
the Kennedy (10) absorption factor for blood hemoglobin (1.165 
mg. per ec.) the absorption factor for muscle hemoglobin was found 
to be 1.397 mg. per ce. This factor is an average of twelve 
determinations with a mean difference of 0.101. 

The solutions to be analyzed were centrifuged liquid portions 
from routine collagen and elastin determinations. 100 gm. of 
ground meat were digested with 390 ec. of water in a pebble mill 
1} hours. These solutions were treated with 0.1 gm. of sodium 
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carbonate per 100 cc. and filtered until clear, with the addition of 
a little calcium chloride, if necessary, to flocculate the colloidal 
material. It was a matter of convenience to express the concen- 
tration, C, and the absorption factor, A, as gm. of hemoglobin per 
100 ce. of solution. The method of calculation briefly is as follows, 
where D is the optical density for 1 em. depth at 542 my, T is the 
fraction of light transmitted, and the subscripts, b and m, denote 
blood and muscle respectively: D = log 1/7, C = AD, and 
C/A = D. 

Then since the total density of the mixture is equal to the sum 
of the separate densities of the components, (C,,/0.1397) + 
(C,/0.1165) = D. 

From measurements at 577 and 582 my and reference to Chart 
2 the relative per cent of the two hemoglobins and their ratio, 
X, may be determined. 

Then, C,/C, = X, or Cnr = XCs, and (XC,/0.1397) + 
(C,/0.1165) = D = Cy ((X/0.1397) + (1/0.1165)). 

The hemoglobin concentrations must be multiplied by 4 to 
obtain the per cent hemoglobin in the meat, since the hemoglobins 
in 100 gm. of meat were distributed through 400 gm. of material. 
Table II shows the muscle and blood hemoglobin content of the 
ribeye muscle of beef animals. The relative percentages were 
obtained by the use of Chart 2. and the actual percentages caleu- 
lated by the method just outlined. 

Muscle hemoglobin in the animals full fed on pasture (Lot IT) 
runs consistently higher than in the animals full fed in dry lot (Lot 
I), averaging 16 per cent more. Likewise, it runs even higher yet 
in the animals on grass alone (Lot III), averaging 37 per cent 
higher than Lot I. This same trend was observed 2 years later 
in a similar experiment with beef animals. Whether nutrition or 
exercise is the chief factor influencing these differences is of course 
debatable, but it is obvious that no significant correlation exists 
between muscle hemoglobin and hemoglobin in the blood stream, 
except possibly in Animal 263; this animal is relatively low in both. 
Moreover, since hemoglobin in the blood of animals in Lot II is 
not significantly higher (only 3 per cent) than in Lot I, and since 
nutritional factors affecting the building of hemoglobin make their 
effect apparent in the blood stream much before it is noticeable in 
the muscle tissue, it would seem that nutrition cannot be an appre- 
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ciable factor in the difference in hemoglobin in LotsI and II. One 
is led to the same conclusion even more strongly in Lot III, where 
hemoglobin in the blood stream is significantly below and muscle 
hemoglobin distinctly above Lots I and II. An obvious explana- 
tion is that animals receiving no supplement are compelled to 
range more for their feed and thus receive more exercise. 


II 
Muscle and Blood Hemoglobin Content of Ribeye Muscle of Beef Animals 


Relative per cent Per cent of meat 
Animal No. Hb in blood 
Muscle Hb | Blood Hb | Muscle Hb| Blood Hb 
gm. per 100 
ce. 

Lot I 87 93.0 7.0 0.355 0.027 15.28 
202 100.0 0.0 0.324 0.000 15.64 
224 84.0 16.0 0.349 0.066 14.62 
263 81.0 19.9 0.302 0.071 13.50 
pee 89.5 10.5 0.332 0.041 14.76 
Lot Il 96 90.5 9.5 0.360 0.038 15.10 
294 91.0 9.0 0.391 0.039 14.07 
47 95.5 4.5 0.379 0.018 16.12 
281 88.0 12.0 0.419 0.057 15.71 
91.25 8.75 0.387 0.038 15.25 
Lot Ill I, 95.5 4.5 0.439 0.021 10.25 
Ih 98.0 2.0 0.469 0.010 13.28 
Average............| 96.75 3.25 0.454 0.015 11.76 


The animals in Lot I received 13.56 pounds corn, 2 pounds alfalfa hay 
and cottonseed meal daily, in dry lot; those in Lot II, 12.55 pounds corn, 
pasture, and cottonseed meal daily; and those in Lot III, pasture, grass 
alone. The animals in Lot I and Lot II both are classified as full fed on 
concentrates, the difference being in the roughage obtained, alfalfa hay 


and grass. 


Although there was no noticeable difference in color of the acid 
hematin solutions and no difference was noted in the visible spec- 
tra, additional proof was desired as to the identity of the acid 
hematins and difference of the globin fractions. Solutions of the 
two fractions were made as outlined in the methods. In this work, 


P 
ti 
fr 

ti 

m 

m 

sa 

be 

ye 

th 

m 


Shenk, Hall, and King 751 


light from an are of impregnated carbons was passed through a 
quartz cell 9 mm. thick which contained the material to be exam- 
ined. A Bausch and Lomb quartz spectrograph was used, the 
spectra being photographed on Eastman panchromatic plates. 

In Fig. 1 the absorption spectra of muscle and blood hemoglobins 
are shown. The time of exposure is too long to show the a and 8 
absorption bands and that portion is removed in the cut, but both 
hemoglobins show a wide absorption at 410 my, the one for blood 
being considerably wider. There is a decided difference in absorp- 
tion below 295 my. All of the light is absorbed by the muscle 
extract while blood hemoglobin allows transmission as far as 246 
mu. This same difference in absorption is shown in the spectra of 
the acid hematin derivatives in 0.1 N HCl. The same marked 
difference appears in the absorption spectra of the globin fractions, 
but very little difference in the absorption spectra of the acid 
hematin fractions. This difference may be due to a slight solu- 
bility of the globin in the ether fraction. These absorption spectra 
in the ultra-violet show that the principal difference lies in the 
globin fraction, although a small difference may be noted in the 
hematin fractions at 400 mu. Here the blood acid hematin shows 
a slightly greater absorption than the muscle acid hematin. Both 
bands are faint however. Strong bands showing a similar relation 
occur in this region in the spectra of the whole hemoglobins. 


SUMMARY 


Solutions of muscle hemoglobin free from blood hemoglobin were 
prepared and examined by the spectrophotometer. These solu- 
tions gave absorption curves very similar to the curves obtained 
from blood hemoglobin but they are displaced toward the red por- 
tion of the spectrum. 

The absorption factor for muscle hemoglobin has been deter- 
mined. Equal concentrations of the two hemoglobins do not have 
equal power of light absorption. The two hemoglobins cannot be 
matched directly, since the colors of the solutions do not have the 
same hue, but their acid hematin derivatives have been shown to 
be identical. 

The ratio of the densities of the maximum absorption in the 
yellow to the maximum in the green, the ratios of both maxima to 
the minimum between them, and the ratio of the densities at 577 
mu to 582 my were found to be constant. 
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The points of maximum absorption for blood oxyhemoglobin 
were found to be at 542 and 577 mu, the minimum at 562 mu as 
compared to 543, 582, and 564 my, the corresponding points for 
muscle oxyhemoglobin. 

A spectrographic study shows a very marked difference in the 
ultra-violet absorption spectra of the two hemoglobins and a 
similar difference in the absorption spectra of the globin fractions. 
Very little difference was shown between the acid hematin fractions, 
indicating that the difference is in the protein part of the molecule. 

A method for determining the relative percentages of blood and 
muscle hemoglobin in the same solution based on the ratio of the 
optical densities at 577 and 582 my is presented. 

The results here submitted indicate that animals on pasture 
have a higher muscle hemoglobin level than dry lot-fed animals, 
and the difference cannot all be from nutritional causes, but may 
be explained by the assumption that the animals on pasture have 
more exercise. 
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EXPLANATION OF PLATE 1 


Fig. 1. Absorption spectra of blood and muscle hemoglobins and deriva- 
tives, taken by quartz spectrograph. 1, blood hemoglobin in 0.1 per cent 
sodium carbonate solution; 2, muscle hemoglobin in 0.1 per cent sodium 
carbonate solution; 3, blood acid hematin in 0.1 N HCl (unseparated); 4, 
muscle acid hematin in 0.1 N HCl (unseparated); 5, globin fraction of blood 
hemoglobin; 6, globin fraction of muscle hemoglobin; 7, solvent for globin 
fraction; 8, acid hematin fraction of blood hemoglobin; 9, acid hematin frac- 
tion of muscle hemoglobin; 10, solvent for acid hematin. 
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(Shenk, Hall, and King: Spectrophotometric studies on Hb. I) 
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SPECTROPHOTOMETRIC CHARACTERISTICS OF 
HEMOGLOBINS 


II. HEMOGLOBIN OF FOWLS* 


By DOROTHEA E. KLEIN, J. LOWE HALL, anv H. H. KING 


(From the Department of Chemistry, Kansas State College of Agriculture and 
Applied Science, Manhattan) 


(Received for publication, April 23, 1934) 


It has been observed in the routine determinations of hemoglobin 
in chicken blood by members of this Experiment Station that the 
acid hematin derivative does not match satisfactorily colorimetric 
standards prepared from the blood of mammals. Standards pre- 
pared from chicken blood soon become cloudy and unusable. The 
hemoglobin itself does not satisfactorily match the tint of the 
Fleisch]-Miescher hemometer standard used for the blood of higher 
animals. The Van Slyke method encounters several difficulties 
because of certain peculiar characteristics of chicken blood, and is 
at any rate too cumbersome for a routine method. 

The purpose of this work is to study the spectrum absorption of 
the hemoglobin of fowls, particularly chickens, and to determine 
the absorption coefficient, by means of which direct quantitative 
determinations of chicken hemoglobin can be made in the spectro- 
photometer without the use of any prepared or artificial standard. 

The absorption spectrum of oxyhemoglobin exhibits two 
maxima, one in yellow and one in the green. The absorption 
measurements are made at a point in the spectrum where maximum 
absorption occurs in order that the greatest amount of variation in 
light absorption may occur per unit concentration. The measure- 
ments are usually made on the maximum in the green because of 
the greater ease with which the eye accommodates itself to the 
color. 

There has been some difference of opinion concerning the point 
on the spectrum at which maximum absorption occurs in the green 


* Contribution No. 178, Department of Chemistry. 
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band and the absorption factor relating concentration to optical 
density. Data accumulated from early workers are shown in 
Table I. 

Kennedy (1), using as experimental animals dogs, donkeys, and 
man, followed strictly the method outlined by Van Slyke and from 
these data calculated the gm. of hemoglobin per 100 ec. of blood. 
The instrument he used for the spectrophotometric determinations 
was a Bausch and Lomb instrument of a type similar to that used 
in supplying the data for this paper. 

Kennedy obtained the following results by plotting the wave- 
length against the absorption: a maximum in the green at 540 mu, 
a maximum in the yellow at 575 mu, a minimum between the two 


TABLE I 
Absorption Factors Obtained by Early Workers, Summarized by Kennedy (1) 
Investigator Date — 

mp mg. Hb per ce. 
1909 542-535 1.195 
1919 543-539 1.14 


at 560 mu. The optical density ratio 540:560 mu = 1.40:0.86 = 
1.63. 

The absorption factor determined at the maximum in the green, 
with the aid of the concentration data obtained by the Van Slyke 
method, was 1.165 mg. of hemoglobin per cc. of solution. 

All of the above data have been obtained from the blood of 
higher animals. There is very little literature, however, concern- 
ing the spectrophotometric characteristics of the blood of fowls. 

The only reference found in the literature was to an article 
written by Fritsch (2) of the University of Giessen about work per- 
formed by Burker (3) and coworkers of the same university. They 
obtained an absorption ratio of 1.25 mg. per ec., determined at a 
maximum of 535.6 to 542.1 mu. It was found that in an earlier 
article Burker (3) obtained the same factor 1.25 mg. per ce. for 
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the blood of higher animals. Since this does not agree with either 
the work of early investigators, or with the widely accepted 
results obtained by Kennedy, it is highly probable that Burker’s 
results should be regarded as questionable. 


Methods 


Van Slyke Determinations—The sample of venous blood taken 
from the wing vein of the fowl by means of a hypodermic needle 
was citrated to prevent coagulation, then placed in a large mouthed 
flask, and slowly rotated for 15 minutes, so that complete aeration 
was obtained. The aerated blood was transferred to a small 
weighing bottle until ready for use, a precaution to obtain thorough 
mixing, as the blood can be thoroughly stirred by the pipette while 
the sample is being taken. It was found that the large cells of 
chicken blood tend to settle out from the plasma very rapidly. 
Samples for the spectrophotometric study were taken at the same 
time as samples for the Van Slyke determinations, so as to avoid 
possibilities of loss or change by evaporation or decomposition. 

The concentration determinations as before stated were made by 
use of the well known Van Slyke method (4, 5). 

Spectrophotometric Method—The Bausch and Lomb universal 
spectrophotometric outfit, the description and calibration of 
which are given in Paper I (6), was used for obtaining the spectro- 
photometric data. 

Chicken blood samples previously analyzed for hemoglobin 
concentration were first diluted 1:100 in a 0.1 per cent Na CO; 
solution. The solution was then mixed with considerable agita- 
tion so that the blood was completely laked. After shaking, a 
gelatinous material appeared in the solution, the volume of which 


was much greater than the volume of the blood before dilution. 


An attempt was made to remove the material by centrifuging, as 
it was thought that it would probably be thrown to the top and 
could then be easily removed from the solution. However, the 
results did not prove satisfactory, since the material still remained 
distributed throughout the solution. Then filtration was tried, 
but enough hemoglobin remained occluded in the gelatinous 
material to give quantitatively inaccurate results. Next the blood 
was diluted 1:250 in a 0.1 per cent Na,CO; solution and after 
vigorous shaking it was found that the material was sufficiently 
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dispersed so that it could be filtered from the solution without 
retaining hemoglobin. The non-filtrable residue was devoid of 
any red tint and the filtrate showed no Tyndall beam when placed 
in the photometer cups. A cup was filled with the solution and 
the opposite cup with water (no detectable difference was found in 
the optical absorption of water and 0.1 per cent Na,CO; solution) 
and the plungers placed at a depth of 2.5cem. This arrangement 
provides an optical absorption equal to a 1:100 dilution at the 
customary 1 em. depth, and it places the readings on normal blood 
in the most accurate range of the photometer. 

To express absorption in terms that are directly proportional 
to concentration, all absorption measurements were expressed in 
terms of optical density, 7. e. log of the reciprocal of the transmis- 
sion at lem. depth. D=(—log T)/b = —(log tan. 6, + log cot. 
0,)/b. Then C = AD, where C is concentration in mg. per cc. of 
solution. A is the absorption factor, D is the optical density, and 
b is depth of solution in em.; 0; and @, are the photumeter readings 
before and after reversing the photometer. 

When the optical density was plotted against the wave-length, 
maxima were obtained at 542 and 577 my and a minimum between 
the two at 562 mu. These critical points are identical with those 
found by Shenk et al. (6) for beef blood hemoglobin, but are dis- 
placed 2 mu toward the red from values obtained by Kennedy. 

After establishing the maximum and the minimum points on the 
absorption diagram of fowl hemoglobin, the blood of a group of 
chickens varying in breed, age, and sex was investigated at these 
three significant points and the absorption factor A determined 
at the point of maximum absorption in the green, 542 my. Dupli- 
cate dilutions for spectrophotometric analysis were made on each 


sample at the time Van Slyke determinations were made. No. 


difficulty whatever was encountered in obtaining checks on the 
optical density. More difficulty appeared in obtaining checks in 
the oxygen capacity. For this reason it seems likely that the 
spectrophotometric method is more accurate when once the absorp- 
tion factor is established. 

When it was found that the absorption factor varied for the 
different chickens, the next step was to find whether the absorption 
factor obtained from the blood of the same chicken varied from day 
to day. Six roosters of different breeds were bled at intervals of 
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every other day or once a week until an average of eight determina- 
tions was made on each rooster. Then another group of six 
roosters was treated in the same manner until with the combined 
results 100 determinations were made on twelve roosters. The 
results show a variation of the absorption factor of the hemoglobin 
of the same fowl from day to day. 

A group of sixteen turkeys, including both males and females, 
was investigated in the same manner and it was found that here 
too the absorption factor varied as in the chicken blood. 

In order to compare these results with the characteristics of 
mammalian blood, three calves were bled once every 2 weeks for 
6 weeks and the blood analyzed in the same manner. It was found 
that the factor did not vary between individuals and remained 
constant from day to day, agreeing exactly with the factor found 
by Kennedy, 1.165 mg. per cc. (range 1.164 to 1.166 mg. per cc.). 

The ratios of the optical density at the maxima to the optical 
density at the minimum; and the maximum in the yellow to the 
maximum in the green were averaged from the results of twenty- 
five samples analyzed. The ratio of the optical densities at 542 
mu and 562 mp was 1.63 (range 1.60 to 1.65) as compared to 1.632 
obtained by Shenk (6) (see Paper I). The ratio of the densities 
at 577 mu and 562 mu was 1.68 (range 1.67 to 1.70) as compared 
to 1.70 found by Shenk. And the ratio 577 my to 542 my was 
1.05 (range 1.03 to 1.08) as compared to 1.054 obtained by Shenk. 

It seems that the blame for discordant results for the absorption 
factor for chicken hemoglobin must be placed on the extraordinary 
heterogeneous character of chicken blood, which made it necessary 
to base the results on a large number of determinations. Results 
show (Fig. 1) a higher absorption factor than applies to the blood 
of mammals, with a decided maximum at 1.20 mg. per ce. 

The consistent results obtained in analyzing beef blood, which 
also check with results obtained by Kennedy, indicate that it is 
neither the method which is at fault nor the manipulation. The 
only logical explanation of these inconsistent results is the peculiar 
character of the fowl blood itself. When mixed with the saponin- 
potassium ferricyanide solution in the Van Slyke reaction chamber, 
it becomes a sticky, viscous, ropey mass, and in this form may 
entangle the oxygen in such a way that it is not all released after 3 
minutes shaking. If this were the case, the concentration would 


758  Spectrophotometric Studies on Hb. II 


be found to be lower and thus a smaller optical absorption factor 
would be obtained; this may account for the small factors found, 


but not the high ones. 
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Fig. 1. Distribution of spectrophotometric absorption factors for 
chicken hemoglobin obtained from analyses of 100 samples of chicken blood. 
Dilution of blood 1:250. Depth2.5cem. Wave-length 542 mz. 


Another explanation of these inconsistent results is that the 
chicken blood contains some other optically absorbent material 
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besides hemoglobin; this would lead to a higher optical density, 
and thus also to a smaller absorption factor. 

Still another possibility is that the hemoglobin or some other 
constituent of fowl blood has the power of combining with a greater 
amount of oxygen than has the hemoglobin of mammalian blood. 
In the latter case the concentration determinations would be high 
and consequently a higher absorption ratio would be obtained. 
This might account for the great number of factors above 1.165 mg. 
per cc. At any rate, whatever the cause, a significantly higher 
optical absorption factor is found for chicken blood based on 100 
determinations than applies to beef hemoglobin. 

Assuming that the irregularities are caused by the heterogeneous 
nature of chicken blood, the maximum in the distribution curve 
rather than the average of all determinations was taken as the final 
result. 

It is obvious from the data here presented that hemoglobin 
determinations on chicken blood can be very misleading, even 
when the utmost precaution is observed. The spectrophoto- 
metric method seems to offer the simplest and most direct accurate 
means of analysis. The blood must be diluted at least 1:250, 
vigorously shaken to disperse insoluble material, and filtered. 


SUMMARY 


1. 100 chicken blood samples were analyzed for hemoglobin 
content by the Van Slyke method. 

2. The same samples were analyzed with the Bausch and Lomb 
spectrophotometer. The maximum and minimum points of 
absorption were determined and the absorption factor at the princi- 
pal maximum found. 

3. The absorption factors were plotted against the number of 
determinations and a maximum obtained at 1.20 mg. of hemoglobin 
per cc. 

4. Nine beef blood samples were analyzed in the same manner 
and a constant absorption ratio obtained at 1.165 mg. of hemo- 
globin per ce. 

5. Sixteen turkey blood samples were analyzed in the same 
manner as the chicken blood and a similar inconstancy of absorp- 
tion factors obtained. 

6. It was concluded that the inconstancy of absorption factors 
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obtained was due to the heterogeneous character of the fowl blood 
itself and possibly retention of oxygen in the Van Slyke reaction 
chamber. 

7. Spectrophotometry gave excellent checks on duplicate sam- 
ples, whereas the oxygen capacity method did not check as con- 
sistently on the same sample of blood. 
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SALTS OF ERGOSTERYL SULFATE: PREPARATION AND 
ANTIRACHITIC ACTIVITY ON IRRADIATION IN 
AQUEOUS MEDIUM 


By SAMUEL NATELSON, ALBERT E. SOBEL, ann BENJAMIN 
KRAMER 


(From the Pediatric Research Laboratory, The Jewish Hospital of Brooklyn, 
New York) 


(Received for publication, Apiil 4, 1934) 


The injection of colloidal suspensions of the sterols in aqueous 
medium! or of solutions in oil (2, 3) brings up the question of the 
danger of embolism with subsequent disastrous effects, although 
success has been claimed in both cases! (1-3). A water-soluble 
derivative which could subsequently be hydrolyzed in the blood 
stream, yielding the original sterol, might avoid this danger. 
More particularly, in the case of the activated ergosterol, a suit- 
able method for intravenous injection would be useful in certain 
cases of malformation of bone due to deficient absorption of this 
sterol from the digestive tract. Even in the usual cases of rickets, 
intravenous injection is probably more efficient than administering 
the same amount of material orally, absorption never being 100 
per cent efficient. 

Derivatives of ergosterol linked through the alcohol group retain 
their ability to be activated (4, 5). A water-soluble ester of 
cholesterol and a tetrabasic acid has been prepared (6). The 
sodium salt of the phthalic acid ester of ergosterol (7) is unstable 
in aqueous solution, probably because of hydrolysis due to the 
alkaline reaction of this salt. A more suitable derivative would 
be one with an ether linkage or a linkage of the sterol through a 
nitrogen group to the water-soluble residue. For this purpose the 
halide derivatives of the sterols would be useful as intermediates. 
However, the preparation of the pure sterol halides, especially 


1 Unpublished work in this laboratory (1) has shown that intravenous 
injection of colloidal suspensions of irradiated ergosterol heal rickets in rats 
without harmful effects. 
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ergosteryl chloride, is uncertain in that halogen acids generated 
during the preparation, or later in a condensation reaction, bring 
about rapid rearrangement and inactivation of the sterol residue. 

It was the purpose of this investigation to prepare the salts of the 
sulfates of ergosterol and cholesterol without affecting the activity 
due to rearrangement in the complex molecule, so as to use them 
eventually, as intermediates, in order to obtain a series of valuable 
condensates with amines, phenols, amino acids, polybasic hydroxy 
acids through the hydroxyl group, and numerous other derivatives 
with which sulfates are wont to react. ‘ 

In preparing these compounds it was observed that although the 
potassium steryl sulfates were insoluble in water, the sodium salts 
acted like difficultly soluble soaps, forming soapy solutions which 
foamed on shaking. Since an increased solubility was observed 
with a decrease in the atomic weight of the alkali metal, it was 
expected that the lithium sterol sulfate should be the more soluble. 
The lithium salts were therefore prepared and found to be the 
most soluble of the three types of salts. Lithium cholesteryl] sul- 
fate was found to form heavy soapy solutions which were stable 
on centrifuging and filtering. Lithium ergosteryl sulfate was less 
soluble than the corresponding cholesteryl salt but was more 
soluble than the sodium ergosteryl sulfate. High concentrations 
of the lithium ergostery] sulfate were not obtained, approximately 
10 mg. dissolving in 100 cc. of water. 

In order to show that no rearrangement had taken place in the 
ergosterol molecule during the preparation of these salts so as to 
inactivate them toward irradiation, the potassium, sodium, and 
lithium ergosteryl sulfates were irradiated and administered to 
rachitic rats. The potassium salt was administered orally but the 
lithium and sodium salts were administered orally, subcutar eously, 
and intravenously. 10 micrograms of the material administered 
to the animal in aqueous solution produced a definite healing in 
from 4 to 5 days. Possible healing due to contamination of the 
salts with free ergosterol was eliminated by carefully purifying the 
salts and checking this purity with analysis. Since our process of 
irradiation was such that it would be difficult to expect quantita- 
tive conversion, we used 10 micrograms of the salt to effect healing. 

An impure cholestery] sulfate has been claimed (8), prepared by 
the action of sulfuric acid directly on cholesterol. Verley (9) pro- 
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posed a method for the preparation of phenol sulfates with the aid 
of pyridine and chlorosulfonic acid which was later applied to 
cholesterol (10) with the preparation of the salts of cholesterol 
sulfate. With certain improvements the method was found to be 
a general one and an excellent one to obtain the ergostery] sulfates 
without subjecting the ergosterol to conditions which would bring 
about complex rearrangements. The salt of pyridine with chlo- 
rosulfonie acid is first prepared in chloroform solution in the pres- 
ence of an excess of pyridine. The sterol is then added to the 
salt solution and heated to the boiling point of chloroform. The 
pyridine salt formed is decomposed with the desired alkali to 
produce the required salt. ‘ 

This process has the advantage of bringing the condensation 
about in a mildly alkaline solution, an excess of pyridine being 
present. The products are obtained pure and in almost quantita- 
tive yield, the reaction time being relatively short. 


Method 


Preparation of Ergosteryl Sulfate—2 gm. of ergosterol,? which 
had been ground and dried in a desiccator over sulfuric acid, were 
added to 10 cc. of chloroform which had been dried and distilled 
over calcium chloride. In another container 5 ce. of pyridine were 
dissolved in 10 cc. of chloroform; to this were added slowly with 
shaking 7 cc. of technical chlorosulfonic acid, drop by drop, the 
pyridine-chloroform solution being cooled in an ice bath, some 
pyridine chlorosulfonate crystallizing out. Picolines can be used 
successfully in place of pyridine. The chloroform suspension 
containing the ergosterol was added to the pyridine chlorosulfonate 
and the mixture was vigorously shaken, the solution being allowed 
to come to room temperature slowly. The solution was then 
refluxed gently on a water bath for 90 minutes with a reflux con- 
denser fitted with a calcium chloride drying tube. The condenser 
was turned down and the chloroform and excess pyridine were 
removed on a water bath at about 100mm. 2 gm. of KOH dis- 
solved in 15 ce. of 80 per cent alcohol, 1.4 gm. of NaOH dissolved in 
15 ec. of water, or 1.2 gm. of LiOH in 50 cc. of methy! alcohol were 
added and the mixture was shaken vigorously for a few minutes. 

2 The ergosterol used in these experiments was supplied by Mead Johnson 
and Company. 
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A white precipitate separated which was centrifuged or filtered off. 
In the case of the lithium salt the methyl alcohol was evaporated 
off. The precipitate could be readily filtered when allowed to 
stand for several hours to allow the crystals of salt to form more 
definitely. The salt was washed with two 25 ce. portions of water 
to remove the inorganic salts. The potassium, sodium, or lithium 


TaBLe I 
Salts of Steryl Sulfates 
: I ie 
‘ suirur | 
tively 
& 
°C. | | Sat | cont | cont 
Potassium ergostery! sulfate*}| 225) 6.31) 6.22) 7.81) 7.58 
6.30 7.76 
Sodium ergosteryl sulfate 6.53) 6.42 4.92| 4.82 
6.59) 4.90 
Lithium 170} 6.79] 6.65) 1.54] 1.42 
6.77 1.59) 
Potassium cholesteryl sul- | CxsHOSO;K | 212) 6.70) 6.53) 7.98) 7.74 
fatet 6.68 7.89 
Sodium cholesteryl sulfatet | C2sH.sOSO;Na | 174| 6.80) 6.76] 4.56) 4.68 
6.91 4.49 
Lithium “ CesH.OSO;Li 150} 7.10} 6. 1.33} 1.48 
7.0: 1.40 


* Insoluble in water; begins to decompose at 200°. 

+t Mandel and Neuberg (10). 

t Lithium hydrate added in methyl alcohol solution to pyridine salt of 
cholesteryl sulfate. 


ergosteryl sulfate was freed from traces of ergosterol by washing 
successively with 25 cc. of alcohol and then three separate portions 
of 50 ce. of dry ether. The salt was stirred vigorously with the 
ether in a beaker before being filtered. The white salt which re- 
mains is the pure salt of ergosteryl sulfate, a portion of which was 
further purified by recrystallizing from large quantities of methyl 
alcohol or 80 per cent ethyl alcohol. Melting points and analyses 
of the salts of the steryl sulfates are given in Table I. 
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Activation and Administration to Rats—1 mg. of the salt (sodium 
or lithium) was dissolved in 10 cc. of water. The solution was 
exposed to the light from a mercury vapor lamp at a distance of 1 
foot for 3 minutes. 0.1 cc. portions of this material were fed 
orally, subcutaneously, and intravenously to rachitic rats. The 
animals developed definite healing in 5 days. In the case of the 
potassium salt 1 mg. was finely ground and suspended in 10 cc. of 
water and irradiated as before. 0.1 cc. of this suspension was fed 
orally to the rachitic rats. Two rats were used for each experi- 
ment, a total of fourteen rats. All were healed in 4 to 5 days. 


SUMMARY 


1. The sodium, potassium, and lithium salts of ergosteryl sul- 
fate and the lithium salt of cholesteryl sulfate were prepared. 

2. The lithium salts were found to be the most soluble of the 
three types of salts forming soapy opalescent solutions with water. 
The lithium ergostery] sulfate is less soluble than the correspond- 
ing cholestery] salt. 

3. The salts of ergosteryl sulfate are active antirachitically on 
irradiation, showing that no rearrangement takes place during the 
formation of the sulfate. 

4. Aqueous solutions of irradiated lithium ergosteryl sulfate, 
injected intravenously, subcutaneously, or given orally, produce 
healing of rickets in rats. 
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A study of the literature regarding the effect of insulin on blood 
volume or water content reveals the fact that a considerable con- 
troversy exists at present as to whether insulin does or does not 
influence the water content of the blood, producing a condition 
of anhydremia. For the acceptance of anhydremia as a distinct 
insulin effect we have the experimental evidence of Nitzescu and 
Mangiuca (1), Levine and Kolars (2), Drabkin and Edwards (3), 
Villa (4). The work of Mazzocco and Morera (5) and that of 
Olmstead and Taylor (6) indicates that anhydremia is not a 
specific insulin effect. On the other hand, the evidence pre- 
sented by Widal, Abrami, Weill, and Laudat (7), and that of 
Haldane, Kay, and Smith (8) supports the view that a rise in 
blood volume (hydremia) may be the direct effect of insulin injec- 
tions. Regardless of the particular direction of this water shift, 
the explanation offered is based on the assumption that the hypo- 
glycemia induced by the insulin is directly responsible for dis- 
turbances in the osmotic pressure equilibrium of the body which 
involve this water shifting. 

Herrick (9), studying the simultaneous determinations of blood 
reducing substance and whole blood chlorides in patients under- 
going the glucose. tolerance test, discovered an inverse relation- 
ship between glucose and chlorides in the blood. When the 
glucose concentration of the blood rose, the blood chlorides fell 
in such proportion as to indicate a possible direct reciprocal 
relationship. Herrick suggests that this shifting of the chlorides 
is necessary in order to preserve optimal osmotic conditions in 
767 
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the blood. Ni (10), working with dogs and using histamine 
injections to produce a fall in the amount of blood chlorides, 
observed a similar relationship between glucose and chlorides. 
Furthermore, he discovered that, after complete pancreatectomy, 
the subsequent hyperglycemia was accompanied by a marked 
lowering of the blood chlorides. This rise and fall in the concen- 
tration of the blood chlorides, Ni claims, is directly related to the 
sugar fluctuations and is part of a mechanism working toward 
maintained osmotic equilibrium. 

The purpose of this paper is to demonstrate three distinct facts. 
(1) An inverse glucose-chloride relationship can be demonstra- 
ted in the rabbit blood induced by insulin doses whose effect 
might, on the whole, be considered as quantitatively comparable 
with the changes brought about spontaneously in the course of 
the animal’s life. It is hardly probable that an animal, at any 
time during its entire life, is ever subjected to such massive insulin 
changes as those imposed on it in the usual experimental pro- 
cedures quoted in the literature. (2) An insulin anhydremia can 
be demonstrated in these rabbits subjected to small doses of 
insulin. (3) It is highly improbable that this anhydremia or the 
glucose-chloride relationship to be considered is primarily con- 
cerned with the preservation of optimal osmotic conditions as is 
claimed by several authors. 


Methods 


Care of Animals and Experimental Procedure—The experimental 
animals were rabbits obtained through the Department of Animal 
Care of the College of Physicians and Surgeons. They were ob- 
tained from a dealer in the open market and were in early sexual 
maturity, weighing over 2 kilos each, when they were received. 
With few exceptions they were all of the chinchilla variety (al- 
though no particular breed was singled out) and apparently they 
were free from any disease or infection. The rabbits were con- 
fined during the duration of the investigation in individual cages 
12 X 15 X 20 inches and were fed on a mixed diet of oats, hay, 
cabbage, and turnips. This diet was used throughout the time 
in which the data were collected. The animals were subjected to 
experimental use only once a week. 

An inanition period of about 18 hours preceded the insulin 
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injections. The blood sample was drawn from the marginal ear 
vein after hyperemia was induced by the gentle application of a 
small quantity of xylene and after the ear was lightly coated with 
petrolatum. The blood was obtained, as exactly as circumstances 
permitted, 30 minutes after the injection of the proper dose of 
insulin, or, as in the case of the controls, of physiological saline. 
The blood was collected in a small glass dish which had been 
dusted with powdered potassium oxalate. 

Analysis of Blood Sample—The blood proteins were precipitated 
with tungstic acid, and the sugar (actually the total reducing sub- 
stance) in the filtrate was determined by the micromethod de- 
scribed by Somogyi (11). 

The chlorides in the whole blood were determined by the modi- 
fied Volhard method as proposed by Van Slyke (12). The fol- 
lowing modification of the latter’s method was found feasible: 
To aid the protein digestion, 1 cc. of a saturated solution of potas- 
sium permanganate was added to each sample after 2 hours di- 
gestion with concentrated HNO; ina boiling water bath. 2 hours 
more of digestion produced a solution that was clear and very 
pale yellow in color. Thus the total digestion time was reduced 
to 4 hours from the original 12 hours. 

The hemoglobin was determined by the micromethod of Bing 
and Baker (13). 

The blood cell counts were made on a double Neubauer counting 
chamber. The procedure for the collection of the blood for the 
cell counts was standardized so as to eliminate all possible arti- 
ficial factors of concentration of these cells at the site of sampling 
induced by massage and xylene. Thus, the blood sample for 
hemacytometry was always collected 30 seconds after a steady 
flow of blood was established by nicking the distended marginal 
ear vein. This procedure eliminated any hyperemia effects on 
the blood count. 

The water content of the blood sample was determined by the 
drying method. The sample was dried in a Freas electric drying 
oven at 40° for a period of 72 hours so as to eliminate the forma-_ 
tion of a thick pellicle. After this prolonged drying period the 
sample was subjected to a further heating at 105° for 3 hours. 

Care of Insulin—The insulin used was the product of Eli Lilly 
and Company, known as iletin. It was obtained in the open 
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market in a sufficiently large quantity to permit uniformity as 
to the stock serial number. It was purchased in 5 ce. ampules 
in a concentration of 20 units per cc. The care and method of 
dilution of the insulin is according to the procedure given by 
Scott and Dotti (14). 

Treatment and Collection of Data—The data were obtained by 
the method of “independent series.” In brief, the procedure was 
to carry out a control series every 3rd week so that the following 
relationship existed between the controls and the experimental 
series: control, insulin, insulin, control, insulin, insulin, control, 
etc. A week of complete rest was given the animals between 
different dosage series. The doses of insulin employed were 1/32, 
1/16, 1/8, 1/4, 1/2, and 1 unit per kilo of body weight of the 
animal. 

As regards the treatment of the data, Scott (15) has shown 
that a minimum of 50 observations in physiological research is 
presumably sufficient to warrant statistical treatment and inter- 
pretation of the results within certain determinable limits. 
Therefore, each point on every curve discussed in this paper repre- 
sents a mean of 60 observations, unless the contrary is specifically 
indicated. 

For measuring precision, the mean deviation (e = ~/2d?/(N—1)) 
rather than the standard deviation was utilized for reasons out- 
lined by Scott (16). For the comparison of the observations, 
the mean deviation of the mean (ey = «/+»/N) was employed. 


Results 


Change in Per Cent Water by Weight—The fluctuations in the 
water content of the blood can be readily studied from the mean 
values in Table I. There occurs a definite decrease in the per- 
centage with the dose 1/32 unit, and with 1/16 unit the lowest 
point is reached. By calculating the probable error of the dif- 
ference between two means through the use of the formula, 
— = 0.6745 (ey,)? + (em,)?, and then dividing the ob- 
served difference between two means by this calculated probable 
error of the difference one can easily ascertain the degree of prob- 
able significance between the two means. This will show whether 
the observed differences are the result of actual changes brought 
about by the changes in the dosage of the insulin or whether 
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they are differences brought about merely through errors of 
sampling. The values so calculated for 1/4, 1/2, and 1 unit 
are respectively 2.08, 1.29, and 1.21 per cent. These values 
indicate stages in the water shifting that are not sufficiently far 
apart to permit any assumption of a proportionality between the 


AW 


PERCENTAGE CHANGE IN THE COMPONENTS OF BLOOD 


LOG OF INSULIN DOSAGE IN UNITS PER KILO Bopy WEIGHT 


Cart 1. The percentage changes in the various components of the 
blood 30 minutes after the administration of insulin plotted against the 
dosage. The relative changes are plotted against the logarithms of the 
insulin dosage. 


dosage of insulin and the degree of change. However, the trend 
with the higher doses is toward anhydremia although the rate of 
change is much slower. The figures for the means necessary to 
calculate the degree of probability were obtained from Table I. 

Hemoglobin and Red Blood Cell Count—The figures given in 
Table I show that a fairly high degree of correlation exists be- 
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tween the hemoglobin values and those of the red blood cell 
counts. From consultation of Chart 1, it can be seen that there 
is no perceptible proportionality between either the hemoglobin 
content or the blood cell count and the dosage of insulin. The 
maximum change occurs with the 1/16 unit dose. However, the 
probability is small that this fluctuation in the concentration of 
hemoglobin and cells is due to the dehydration of the blood or 
change in the blood volume. That a non-significant change in 


Taste II 
Extent of Compensation in Osmotic Change Brought about by Rise in Chlorides 
When the Blood Sugar Fell under the Influence of Varying Doses of Insulin 


units atmosphere atmosphere 
vr 0.0155 0.0351 
te 0.0258 0.1093 
0.0414 0.1321 
0.0504 0.1491 
4 0.0634 0.1755 
1 0.0725 0.1711 


The osmotic pressure in atmospheres was computed by the van’t Hoff 


formula 
W X 2.02 1000 X 22.4 X (273 — 


M X 2.02 X 100 X 273 


P 


P is the osmotic pressure, W the weight (gm. of glucose or sodium chloride 
in 100 cc. of blood), t the body temperature, and M the molecular weight of 
glucose or of sodium chloride. The body temperature was assumed to be 
constant. The mean value of 39.5° was used. This value was taken from 
Richet (17). 


water concentration can produce a markedly significant difference 
in both the cell count and the hemoglobin is hardly tenable. The 
indications are that some other factor or factors are responsible 
for this discrepancy. 

Blood Sugar-Blood Chloride Relationship—In comparing the 
mean values, given in Table I, of the blood sugar with those of 
the chlorides one can notice a reciprocal trend in the relation 
of one constituent to the other. However, whereas the blood 
sugar drops steadily with the increase in the dosage of the insulin, 
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the chlorides do not give evidence, in their rise, of such pro- 
portionality. The blood sugar curve would show a uniform 
change of slope throughout its course. The chlorides, on the 
other hand, would show a very distinct ‘change of slope at the 
1/16 unit dose level. This difference in slope, naturally, indicates 
rate of change of these two substances. The greatest per cent 
change between any two doses is seen from Chart 1 to be, for 
sugar, between 1/16 and 1/8 unit where it is equal to 9.75 per 
cent, and for the chlorides it is between 1/32 and 1/16 unit where 
it is equal to 2.96 per cent. Reference to Chart 1 will show that 
whereas the proportionality that exists between the blood sugar 
and the dosage of insulin follows a logarithmic relationship over a 
considerable portion of its course, the chlorides show the possi- 
bility of such a relationship only between 1/16 and 1/2 unit. 
Although the chloride change is not similar in magnitude to the 
sugar change, the assumption that it is, nevertheless, adequate 
for the restoration of osmotic changes seems plausible on the 
surface. However, Table II shows to what extent the actual 
change in blood sugar may affect the osmotic pressure of the 
blood, and to what degree this change is compensated by the 
concomitant rise in the blood chlorides. The calculations show 
that in every instance the osmotic change produced by the rise 
in the blood chlorides greatly overcompensated the change pro- 
duced by the fall in the blood sugar. 


DISCUSSION 


The evidence, as exemplified by the experimental data, is in 
favor of the acceptance of the inverse relationship between glucose 
and chlorides in the blood of normal rabbits subjected to insulin 
doses that are comparable to the spontaneous insulin fluctuations 
in the normal animal’s life. The explanation of this interesting 
phenomenon on the basis of maintenance of constant osmotic 
pressure in the blood is shown to be improbable. If such a 
simple functional relationship between glucose and chlorides did 
exist, then a primary change in the glucose level should produce 
a corresponding inverse shift in the chloride level. Herrick (9) 
demonstrated such a change when the glucose rise was induced 
by the ingestion of glucose. However, when a rise in the glucose 
level was brought about by the injection of 0.5 to 1.5 cc. of adre- 
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nalin in man, there occurred no demonstrable change in chlorides. 
This observation by Urechia and Retezeanu (18) was verified by 
’ the author on rabbits, in a very short series of observations. A 
time curve was obtained after injecting 0.4 mg. of adrenalin hy- 
drochloride (1:1000) per kilo of body weight of the animal and 
analyzing the blood for glucose and chlorides every half hour 
until 1} hours had elapsed. Although the above experiment was 
carried out on only three animals (twelve observations), the 
indications are that no significant change in the chloride concen- 
tration of the biood occurred, even though the blood sugar rose 
to over 150 per cent of the initial level in 1} hours. 

Furthermore, three short series of observations, numbering 
ten, twelve, and thirteen respectively, on diabetic patients, re- 
ceiving respectively 5, 10, and 20 units of insulin each, carried 
out by the author (in a study on water metabolism which is still 
in progress) give no indications of any significant change in the 
chlorides } hour after the injection of insulin. Thus, it becomes 
apparent that the chloride change noted is obviously more in- 
timately associated with some phase of carbohydrate metabolism 
rather than with the maintenance of proper osmotic relationships. 

The phenomenon of the inverse relationship between glucose 
and chlorides in the blood renders it permissible to indulge in a 
few speculations with regard to a theory of the effect of insulin 
upon carbohydrate metabolism and its intimate connection with 
acid-base equilibrium. The injection of insulin into the normal 
organism stimulates glucose combustion, or glycogen formation 
from glucose, or both, in the tissues, and thereby causes removal 
of glucose from the blood for the utilization of these processes. 
Cannon, Mclver, and Bliss (19) have demonstrated the liberation 
of epinephrine into the blood stream of animals subjected to the 
influence of insulin. Such an epinephrinemia would tend to 
produce a slight lactic acid acidemia because epinephrine, as 
shown in the literature, impairs or prevents oxidation of lactic 
acid in tissues and the conversion of the same to glycogen in 
the liver. Of the total plasma base concentration (Nat, K+, 
Ca++, Mg++) the Na ion concentration represents, approximately, 
92 per cent. Upon its maintenance at a closely stationary level 
will depend the possibility of the usual reaction in the plasma. 
Of the total plasma acidic ions (comprising HCO;~, Cl-, HPO,-, 
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SO,-, organic acids, and protein) (Cl-) represents a concentration 
of 66 per cent, and (HCO,-) represents a concentration of 17 per 
cent. Presumably the total base concentration is of the same 
structural significance in other portions of the body water (tissue 
fluid) as the blood plasma. According to Donnan’s law the dis- 
tribution of the diffusible monovalent anions (Cl—) and (HCO;-) 
should be equal when a system is at equilibrium. So we can write 
this relationship, (HCO;~); : (HCO;-), :: (Cl-); : (Cl-)p. With 
the entrance of lactic acid into the blood, the concentration of 
(HCO;-) will change. This postulated removal of (HCO;~) 
produces a shift of (Cl-) from the tissue fluid to the blood to 
maintain the constancy of acid-base ratio. ‘Most of the factors 
which alter blood bicarbonate tend to produce compensatory 
reciprocal changes in the chloride level” (20). It is thought that 
the formation of hexosephosphates preparatory to metabolic 
changes of the blood glucose might also contribute to the shifting 
of (Cl-) from the tissues to the blood. This shifting of (Cl-) to 
the blood presumably leaves (Na*) in excess in the tissue fluid. 
Water from the plasma now migrates to this site of (Nat) reten- 
tion in the tissues in order to maintain the isotonicity of intra- 
cellular and extracellular water. 

The above hypothesis when applied to the various changes 
noted in this investigation can readily account for the glucose- 
chloride relationship and the anhydremia. Although a definite 
lack of correlation between the insulin doses and the hemoglobin- 
blood cell count values exists, the explanation of this on the basis 
of change in blood volume is far from acceptable. The possible 
involvement of another factor, directly or indirectly, brought into 
play by the injections of insulin lends credence to the observations 
of Ionesco, Teitel-Bernard, and Enashesco (21) that insulin in- 
jections, in dogs, produce 4 contraction of the spleen for a variable 
period of time practically immediately upon their administrations. 
Thus, this reticulo-endothelial storehouse for red blood cells may 
be partially responsible for the series of fluctuations in the red 
blood cell counts. 

In conclusion it is desired to indicate that a definite glucose- 
chloride relationship has been demonstrated in the blood of normal 
rabbits as a result of insulin injections. On the basis of work 
done it is suggested as being related to carbohydrate metabolism 
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and acid-base equilibrium. It has been definitely shown that it 
is not a factor in maintaining constant osmotic pressure. 

The anhydremia which is evident as a result of insulin injec- 
tions has been shown to exist only by means of statistical treat- 
ment of a large group of observations. The individual results are 
too varied and the degree of change is too small to be demonstrated 
by individual observations or by a short series. 

The increases in the red blood cell counts and in the hemoglobin 
percentage are significantly greater than can be accounted for by 
the accompanying anhydremia. These changes so much exceed 
the changes in water content that they apparently are not related 
directly to blood volume changes. It is suggested, therefore, 
that they are associated with the red cell reservoir function of 
the spleen. 


SUMMARY 


1. An inverse glucose-chloride relationship due to the injections 
of small doses (1/32, 1/16, 1/8, 1/4, 1/2, and 1 unit per kilo of 
body weight) of insulin in apparently normal rabbits which has 
the appearance of being directly reciprocal has been demonstrated. 
It has been suggested that this phenomenon is associated with 
carbohydrate metabolism rather than being simply a phase of the 
osmotic mechanism of the blood. A theoretical explanation of the 
mechanism of this inverse change based on the attempt to keep 
the acid-base equilibrium in the blood constant is offered. 

2. A moderate anhydremia unrelated to the change of insulin 
has been demonstrated which substantiates the results of Levine 
and Kolars, who, however, experimented with dogs. It is sug- 
gested that this condition is associated with the sodium-water 
balance of the blood. 

3. A definite measurable change in the hemoglobin and in the 
red blood cell count following the administration of small doses 
of insulin has been demonstrated. This change is not due to 
changes in blood volume. The explanation offered presumes 
the involvement of the spleen as the factor responsible for the 
marked changes noted. 


The author desires to express his sincere thanks and deep 
appreciation to Dr. Ernest L. Scott for his patience, his guidance, 
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Oxidation-reduction: Reactions, 
aqueous, velocity, equiva- 
lent-valence effect (SHAFFER) 
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